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INTRODUCTION 



How can science and technology be utilized in the solution of today’s 
critical national and international problems? This question was 
examined by perceptive scientists, educators, and legislators at this 
year’s meeting of the Panel on Science and Technology with the 
Committee on Science and Astronautics of the House of Representa- 
tives. 

More than ever before science is international in scope and character. 
That is why the Committee chose “International Science Policy” as 
the theme of our 12th annual Panel. Participation was indeed inter- 
national. Ideas and information wore exchanged by invited speakers 
from 7 foreign countries on 4 continents, j oiiied by a like number from 
the United States. 

The papers which they presented are learned and provocative. 
They deserve wide distribution. Accordingly, they have been com- 
piled in this limited document which serves as a special supplement to 
the complete Proceedings of the Panel already issued. 

The Compilation of Papers contained herein is offered to the 
Congress and to all people in the conviction that intelligent application 
of science and technology, coordinated on an international scale, is 
essential in order to cope with the social and political challenges facing 
mankind today. 



George P. Miller, 

Chairman, 



February 1971 
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INTERNATIONAL SCIENCE POLICY 
KEYNOTE ADDRESS 

U.S. FOREIGN POLICY IN A TECHNOLOGICAL AGE 



WiiLLiAM P. Rogers 1 




For more than a decade now this committee has performed an 
important service by bringing together every year some of the best 
scientific minds of the world to discuss problems of great relevance 
to the future of man k ind. Science and technology have come to play 
a role in international relationships far beyond what any of us 
would have anticipated even a generation ago. In our foreign policy 
we must take account of this fact. 

In so doing, we build on a long-established tradition. From its 
earliest days American foreign policy has encouraged the interna- 
tional spread and application of scientific knowledge. 

During the Revolutionary War, Benjamin Franklin ordered U.S, 
warships not to impede the explorations of Captain Cook, although 
he was sailing under an English flag. 

In 1853 the oceanographic research of an American naval officer, 
Matthew Maury, brought the maritime nations of the world to Brus- 
sels for a conference which marked the beginning of international 
cooperation in navigation and meteorology. 

In 1949, President Truman in the point four program pledged to 
make American scientific advances available for the growth of less 
developed countries— a pledge which every President since has 
renewed. 

In today’s world of dramatic technological progress the imperatives 
winch created the three historical episodes I have cited have not 
vanished. -i... 

It is as necessary now as it was in Franklin’s timo to insulate 
activities which promote scientific > progress from the vagaries of 
s. international policies. l »- c ; >.• 

y States will still benefit from cooperation; m. the use of .the. world’s 
oceans, just as they, will benefit from sharing the knowledge which 
modern, satellite .technology can bring, ' 1 ^ •.^'A d ; > : LiV-r-jCj-.A 
The need remains as great as it was when Pomt.Four was proclaimed 
to apply, technology' to the problems of development.; Indeed, popula- 
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tion pressure in some nations is so acute that even the greatest agri- 
cultural breakthrough in decades— the development of the grain 
which created the green revolution — 1ms only, in the words of the 
American agronomist who won the Nobel Prize for it, bought time. 

This administration is adapting American foreign policy to the 
fact that never before have the global characteristics of science and 
technology held so many consequences for so many people. 

We in" government understand that if technology has given man 
the power to destroy, it has also given him the means to curb that 
destruction. The limited nuclear test ban treaty and the non-pro- 
liferation treaty would bo loss valuable without the means which 
technology has provided to detect viola tions. If the United States and 
the Soviet Union reach a strategic arms limitation agreement, it will 
be partly because technology has made possible reliable verification 
techniques. 

National policy can determine whether the use to which technology 
will be put is to bo good or bad. Policy choices are crucial in deciding 
whether the atmosphere will be cleaned up or poisoned further or 
whether the seabecls will be exploited for the benefit of the exploiting 
nation or for ma nki nd in general. As the principal creator and the 
principal user of the new technology, the United States, in its Gov- 
ernment's policies, is taking such questions seriously and acting on 
them. 

This country is the biggest consumer of the world’s energy and 
resources. With only 6 percent of the world’s population, we use 40 
percent of its energy output and 40 percent of its nonrenewable re- 
sources, While estimates vary, there are some who believe that the 
earth’s petroleum supply can serve as a major source of industrial 
energy for only another century. However accurate this prognosis 
turns out to be, there is no doubt that such resources are finite. The 
metal production of the globe after World War II is already as great 
as total world metal production before it. And we, like all other 
industrial nations but the Soviet Union, import most of the minerals 
and ores we use. These facts, well known to most of you, illustrate the 
degree of international interdependence to which we are subject. 

In short, in the area of science and technology we are operating in 
an international environment, both because we want to and because 
we have to. This fact has given our foreign policy in recent years a 
whole new dimension. It is symbolized by the presence here today of 
the science attaches in a number of embassies in Washington and also 
of our own science attaches stationed in 17 countries around the world. 
Indeed, it is to be expected that at a meeting such as this, the U.S, 
Congress would seek the views of such leaders in science as those with 
us today from North America, Western Europe, Kenya, Pakistan, and 
the Soviet Union, 
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Our basic goal is to put science and technology at the service of 
human— and humane — ends. 

In our foreign policy we arc taking three major steps to achieve 
this goal: 

1. We are increasing our emphasis on science and technology in our 
aid to developing countries. 

2, We are encouraging an international effort to preserve the quality 
of the world’s environment, and 

■ 3. We are seeking greater international cooperation to enhance the 

benefits of technology and to curb its dangers. 

Let me discuss these three areas separately. 

President Nixon, in his foreign policy message to Congress last Feb- 
ruary, said: “Unprecedented scientific and technological advances as 
well as explosions in population, communications and knowledge 
require new forms of international cooperation.’ 5 In his September 15 
aid message to Congress the President sought to put this concept into 
action by proposing the creating of a U.3. international development 
institute “to bring the genius of U.S. science and technology to bear 
on the problems of development.” 

Such an institute could help developing countries gain the technical 
capabilities to solve their local problems. It could make possible 
broader technical cooperation with countries which have ceased to 
receive, or have never received, aid funds. And it could put to increased 
use research of the sort which made the green revolution. This new 
approach would require greater help from the scientific community 
than we have ever sought before. 

Satellite technology holds great potential for development. Already 
international cooperation in the U.N, framework is well advanced in 
weather forecasting. The day may be near when weather can be pre- 
dicted weeks in advance. This would he an obvious boom to countries 
dependent on agriculture. Indeed it may become possible to modify 
the weather on a significant scale, increasing rainfall and decreasing 
the intensity of certain types of storms. 

With such improved techniques of weather management it may be 
possible to reduce the severity of oatastrophies of the sort that befell 
East Pakistan. 

We would like to apply this as it becomes operational to the prob- 
lems of developing countries. We are also alert to the need to consider 
international arrangement to deal with the implications of this new 
phenomenon. ' 

The experimental earth resource satellite program, pledged to in- 
ternational use by President Nixon at the U.N. in 1969, is also rich 
in development possibilities. These satellites should have the potential, 
among other things, to monitor water resources,, measure the extent 
of snow coverage, determine timber growth, and locate crop diseases 
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and schools of fish. We have invited other countries to propose ex- 
periments in this program. And we have begun training programs in 
other countries, including Mexico and Brazil, to provide them the 
skills needed to use the data obtained fr> > remote sensing. There 
will soon be a need for an overall intern uonal framework within 
which this knowledge may be accumulated, analyzed, and shared. 

In another use of satellite technology, India and the United States 
are currently engaged in a joint experimental effort to bring educa- 
tional television to Indian villages by satellite. 

Technology is rapidly giving man the ability to exploit the re- 
sources of the deep seabeds. A proposal made by President Nixon 
last May seeks to make those resources the common heritage of man- 
kind, In a pioneering approach it provides for an international re- 
gime to regulate exploitation beyond the depth of 200 meters. It also 
provides for a system of royalties a substantial part of which would be 
used for economic assistance to developing countries. One day this ap- 
proach may prove valuable elsewhere. 

This administration also favors an expanded program of technical 
assistance within the International Atomic Energy Agency so that 
the benefits of nuclear technology in medicine, agriculture, hydrol- 
ogy, and industry can be made available to the developing world. 
The Agency s s essential task of providing safeguards against the 
diversion of nuclear material for weapons purposes should not ob- 
scure its important development function. 

The U.S. Government is very conscious of the opportunities for 
economic development that technology is providing. We accept the 
obligation to do all we can to help the less developed countries meet 
their development through more effective use of technology. 

Turning now to the second area I mentioned, the problem of safe- 
guarding the thin envelope of earth, water, and atmosphere which 
supports the only life known anywhere is becoming increasingly a 
global concern. In our foreign policy we have made protection of the 
human environment a matter of special emphasis. 

At the last session of the United Nations General Assembly, the 
United States urged that the U.N. develop the capacity to keep track 
of pollution dangers and to explore the possibility of establishing 
international air and water quality standards by concept that the 
U.N. would identify on a scientific basis those pollutants that may 
be dangerous on a world scale and make plans for a coordinated 
worldwide monitoring network. 

This approach, in assigning a maj or role to the U.N. recognizes 
the need for greater involvement of the international community in 
pollution control and for greater coordination in international efforts 
to protect the environment, — : . 
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The United States has played a leading role in stimulating inter- 
national bodies like the U.N.’s Economic Commission for Europe 
and the OECD to apply themselves to problems of the environment. 

It was at President Nixon’s suggestion in April 1969, that NATO 
established its Committee on the Challenges of Modern Society to deal 
largely with environmental issues, We have urged these organizations 
to emphasize action in their programs. And, we have been success- 
ful in encouraging them to avoid duplication, with each making the 
most of its particular capacities. 

Just as President Nixon, in his first official act of this decade 
signed into law the National Environmental Policy Act, we would 
like to see the adoption of an international environmental policy. 
We would like to see also international lending institutions, in proj- 
ects they support, encourage adequate concern for environmental 
implications. 

Even beyond this, perhaps it is time for the international com- 
munity to begin moving toward a consensus that nations have a right 
to be consulted before actions are taken which could affect their en- 
vironment or the international environment at large. This implies, of 
course, that nations contemplating such actions would be expected to 
consult in advance other states which could be affected. 

Pollution has mistakenly been called a “rich man’s issue.’’ But it 
carries with it dangers for the developing countries as well. Those 
countries can avoid many of the mistakes that the developed world 
has made in mismanaging .natural resources. It would be tragic if 
Lake Tanganyika went the way of Lake Erie. 

This administrtion is convinced that environmental improvements 
can — and should — be related to economic development in a way 
that enhances rather than retards it. 

These issues are among the basic challenges facing the international 
community. They will be major tasks for the U.N. Conference on 
the Human Environment, which willl meet in Stockholm in 1972. 
We are determined to do all we can to make that conference a land- 
mark in achievement. In this connection I am pleased to announce that 
we are forming a citizens’ advisory committee to bring to our prepara- 
tions for the conference the views and support of interested America 
groups and individuals. 

As I have stated, it is our firm desire to ensure that the opportuni- 
ties opened up by technology are explored in a spirit of international 
cooperation. 

We are convinced that it is m everyone’s interest, including our own, 
to do everything we can to facilitate the widest possible spread and 
exchange of scientific information. Thus, it is the general policy of this 
administration to permit the exchange of unclassified scientific and 
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tec hni cal information with, the scientists and institutions of any 
country, regardless of the state of our diplomatic relations with that 
country. 

To further facilitate the exchange of scientific information— and 
scientific cooperation in general — we are increasing our bilateral co- 
operative agreements. Before the 1960’s the United States had no 
general bilateral scientific agreements with any country. Today there 
are agreements with ten countries, including most recently an agree- 
ment with Spain incorporated in the general agreement of friendship 
and cooperation signed last summer. These agreements cover subjects 
ranging from medicine, forestry and fundamental science to more re- 
cent concerns like pollution, noise abatement, and drugs. Several more 
agreements are under negotiation. 

Scientific and technological cooperation is not a one-way street. We 
have as much to gain as anybody from cooperation. We can profit, for 
example, from Europe’s experience in dealing if h problems like land 
use and urban planning. We expect to learn much from our par- 
ticipation in n French experiment to build a pollution-free city in 
northwestern France. 

Even in areas where our scientific expertise is paramount, coopera- 
tion gives u.s tangible advantages. 

Let me cite one striki n g example out of many: Latin American and 
Caribbean countries, with annual assistance from our National 
Weather Service of about $375,000 play an important role in weather 
forecasting, with benefits for them and for ourselves as well. In 1919, 
well before this program was instituted. Corpus ChHati, Tex,, was 
devastated by a hurricane and 284 persons were killed. In 1970, Hurri- 
cane Celia, of about equal force, struck the same city but killed only 
13 people, although Corpus Christi’s population had multiplied 20 
times. The early warning made possible by this cooperative weather 
program allowed the evacuation of 30,000 people and by conservative 
estimate saved at least 2,000 lives. 

Even our Apollo program has leaned heavily on the cooperation of 
other countries. One of the first activities the Apollo 11 astronauts 
carried out on the moon was to set up equipment developed in Switzer- 
land for measuring the composition of the solar Wind, The Apollo 
program could not have succeeded without worldwide tracking sta- 
tions, which had to be established by international agreements. It also 
needed emergency landing arrangements, which wo negotiated with 
80 countries. And we shall not soon forget the offers of assistance dur- 
ing the return to earth of the crippled Apollo 13 spacecraft and the 
voluntary radio silence on certain frequencies to facilitate communi*- 
cation between the astronauts and the earth, , 
i We how want to go further and make the exploration of space a 
truly international endeavor. Space should not be the exclusive pre- 
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serve of a small number of countries. Our post-Apollo program aims 
at the development on a multilateral basis of a new generation of 
reusable space vehicles designed to make the exploration and use of 
space easier, and more economical. We are currently engaged in 
international consultations to bring this cooperative effort to reality. 

As I am sure most of you are aware, Dr. Low of NASA has just 
returned from a discussion in Moscow of further cooperation in space 
activities with the president of the Academy of Sciences of the Soviet 
Union, I understand that they- readied an agreement, subject to con- 
firmation by governments. It covers such subjects as an early exchange 
of lunar samples, satellite meteorology, study of the natural environ- 
ment, space research, and space medicine. 

The current situation with respect to enriched uranium fuel offers 
significant opportunities for furthering international cooperation in 
the peaceful uses of nuclear energy. Because of its advanced tech- 
nology and plant capacity the United States has been in effect the 
only exporter of enriched uranium fuel for power reactors. Indeed 
our export earnings from sales of nuclear powerplants, fuels, and re- 
lated services, are over $1 billion now and are expected to reach 
billion by 1975. 

But worldwide demand for this fuel continues to grow, and it is 
cleai’ that other nations intend to diversify their sources of supply. 

We are now considering whether, with adequate safeguards, we should 
offer to share our uranium enrichment technology with other nations 
building* a civil nuclear industry. 

Because the problems dealt with by science usually have a low 
specific gravity in political terms scientific cooperation is often possi- 
ble where political cooperation is not. 

This habit of cooperation is a good one to keep. If it is kept, it will 
surely have spillover effect in increasing the constructive role of inter- 
national organizations, in establishing new patterns of international 
cooperation, and in strengthening observance of international law. 

We in this Administration are fully aware of this potential to which 
I referred. We believe that this kind of international cooperation will 
do a great deal to assist in the achievement of our foreign policy ob- 
jectives which are peace in the world and friendly relations among 
nations, It is in this spirit, Mr, Chairman and ladies and gentlemen, 
that I welcome you here in Washington on behalf of the President 
of the United States, and wish you great success in your endeavors. 



INTERNATIONAL SCIENCE, POLICY 
REMARKS, OF THE MODERATOR 
Adriano Buzzati-Travbrsq 1 

I wish to bring to your attention some thoughts which I think 
’esuited from the words we heard this morning and also, of course, 
•rom thoughts that I had in the past as a scientist before and as an 
international civil servant now-=a civil servant whose duty it is to 
Eoster scientific cooperation throughout the world. 

Secretary Rogers spoke as follows: "It is as necessary now as it was 
in Franklin’s time to insulate activities which promote scientific 
progress from the vagaries of international politics. 

It seems to me that this sentence is the core of any international 
science policy, I will not spend any time on the international nature 
of the scientific endeavor, but I wish to draw your attention to t 
fact that to some extent throughout the history of 
manly in the course of the last 25 years, after the end of World War II, 
the ideal of international science has been limited by the fac a 
scientist has become at the same time a servant of the state a servan 
of the government. Unfortunately, the ideals of complete international 
cooperation have been and are yet sometimes incompatible with the 
necessities of the state, of the government, , n ag 

For this reason, we find ourselves today in a strange P° s ‘‘'?” “ 
scientists. Sometimes our loyalties are mixed and mcompotibilit es 
arise between what we think is our duty as scientists to 
disregarding national boundaries, and the need we have to rely o. 
tvemmeM to give us money for research while at the same , me the 
government has to rely on us for our advice and our work for the aims 

I^f^t "elaborate on this because these, I am sure, are semtiments 
which all of you share. For this reason I think that it might he piopei 

to consider a new mechanism for scientifio international cooperation 

^mechanism which is far away in the future^but which perhaps 
offer a solution to the present ddemma.Tlmiwould wmpA i ffi tK 
abohshment of national research councils and simfiar bodies _and m 

the establishment of one world research c0 ™ c ^ ch ^Ttw S 
charge of the development of Science throughout the world. Tbs, o 
course, would be the preliminary step toward world government. 

1 Assistant~ director general for science, United Natton,/ Educational, Scientific and 

Cultural OrganlzatiOE (UNBiCOj Parii, 
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And on an occasion like this, a meeting of this type would not be 
held in the House of Representatives of this great Nation but it would 
be held in the House of Representatives of a world government. 
I realize it is ; a faraway possibility, bnt smce .the.'scieritific community 
has been working in the past as much as possible to foster contacts 
between scientists of tflllniStibnspsiiiiiUtoljr lithirik --that for the future, 
this might be a task toward which it might be worth working for. 
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- j INTERNATIONAL COOPERATION IN THE 
, ■ I*. ENVIRONMENTAL SCIENCES- 

' Walter Orb Roberts V ,; t; :_=- : ■ • fS 

I, The Nature of the Environmental Crisis 

Two striking realities of our present age focus the environmental 
crisis of modern man. First, it has at last become clear that mankind 
has assayed what are probably the bulk of the exploitable natural 
resources of the planet, and there is no prospect, within these bounds, 
that we shall be able to give all the people of earth access to the com- 
modities and services now available to persons of average or even 
below-average income in the rich countries today. It would take more 
than a hundred-fold expansion of the rates of extraction, for example, 
of iron, copper, and other metals, even if we used great ingenuity in 

the use of synthetics, ■ ' 

Second, the adverse side-effects and the sheer volume of wastes of the 
many products and processes of advanced technology threaten disrup- 
tion of the stability and recuperative qualities of . the natural environ- 
ment of. man. These detrimental effects on land, air and water, both 
present and potential, imperil the health and welfare of all, living 
species, and dim the prospeotsior :• 

hers of people, .the; amenities of the good life that we have always 

assumed were inherent in social and economic progress. ^ 

This, then, is the .nature of the environmental crisis. Counter- 
measurestoavert thehoonsequenoes of the crisis, as McGeorge Bundy 
stated here last year r appear to have approached; the top of mankind’s 
agenda. According,, to a repent Harris poll, Americans now regard 
pollution as "the most serious’’ problem confronting them commu- 
nities. If this broad concern, ’does .not ^ degeneratOjintu a.tyidespread 
despair over the possibility of envii’ouinental repairj the public desire 
foi cleaner air 1 and: water, foy quieter, cities, for access- tonatureinmiy 
unspoiled sta^’ ^ canliegd to significant positive results. If despair pro- 
vails, however, feet 

come, j and .are, passing,. However, ( I ; am. an , optimist jbnth in respect tp,. . ^ 
what mankind, can arid wffI,do.,..'<, .... v ,uv f ,r- h /M •/<•=: i: 

iMyowri profession is astronomy, and because, 
of 'the -Earth, firs-,, as i plauat of a minor slur among ibe bjilions of, 
s'.(u-> of % billiom, of gul«u« in out univor.^.l:! Ilia our 

r- i President, University Corporation for AtfflospSorte Research, Boulder, Colorado. , b, 7/cr nl 

d :;: ' ' .• 11 
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'cosmical home is a miraculous and beautiful abode for life. It is very 
probably an extraordinarily rare one, too. Our moderator, Thomas F, 
Malone, one of this nation’s truly distinguished experts in environmen- 
tal sciences, introduced the environmental crisis in this way: 



It is generally agreed that Spaceship Earth was launched 
.about five billion years ago. Life first appeared on Planet 
Earth approximately three billion years, ago. Evidence of 
human life goes back, say, throes million years. Modern man 
emerged about fifty thousand years ago. 

Informed conjecture on the solar energy still available and 
on the probability of cosmic accidents encourages us to believe 
that it should be possible— barring man-made catastrophes— 
to sustain life on our planet for at least three million more 
years. If this desideratum is actually to be realized, it is clear 
that some planning may be required. 

These plans should take account of two phenomena that are 
be gin ning to pose serious problems of a global nature in this 
latter part of the twentieth century, A population growth of 
two to three percent and a real economic growth of, say, four 
percent per year, when cast against a physical environment of 
rapidly constrained dimensions and natural resources of abso- 
lutely limited quantity, arc presenting mankind with . 
fornudable ... problems of a global nature;” ■ h • 



It is heartening that the word ‘‘ecology” has taken on meaning 
throughout the nation, and indeed a good part of the world. For 
Joseph Conrad once asserted that one can determine the leading 
and guiding traits of a culture by a few single words to which it pays 
respect. "• 

In. a fascinating essay on what he deems to be the coming struggle 
for amenity rights, Edward J, Mishan says that the keyword to 
which much of the world paid tribute between World War l and World 
War II was “thrift,” but that since then the magic words are “chal- 
lenge” mid “growthl” Arid he points out that challenge and growth, 
coupled together) mako a two-heUded penny. “Growth” sanctifies the 
heedless forward thrust of tbobriold^, and “challenge” pulls the rug 
out from under those who would mdve slower, or develop alternative 
commitments, v : V 1 



The challenge of spade, and tlie challenge of travel f aster-thaii-sound 
come at once to mind. But a Toaetion is bromng tip, and it looks as 
though it may have staying power. There is a growing apprehension, 
ithitsbgKbbt tHft^ ^wnrld, that science and technology ate dangerous, tools,, 
■unstoppable and uncontrollable when driven too rapidly’ and, heed- 
lessly f (jr Ward by a culture primarily worshipful ‘ ' of challenge ' and, 
growth. ’ A 'i'U’f.l ■ m-u ■'' ' ;‘ v 

. ; It ' ■ 
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I suspect that in fiitxire perspdotiTe, the detade of the 70s will ap- 
pear as the time when the word “ecology” attained the highest tribute, 
and replaced growth“ ! as : a keyword for the age. I sincerely 1 hope so. 
If it does, I am certain that science and technology, as tools shaped to 
serve the goals of man, can aid the achievement 1 of the amenities of 
life throughout all the world, /They are powerful means, and can be 
used in ways that will help bring man and the environment into the 
kmd of stable, ecological balance that will give us a chance to sustain 
the good life, the age-old dream of philosophers, for at least a fair 
spell of Tom Malone's 1 ‘three million more years” ! of ciir planet and 
to extend its blessings to the preponderance of human kind. 

The cry for concern with ecology is not likely to be a short-lived 

a arm. It has survived prophets of doom who have gained attention by 
exaggerating the pace at which pollution is engulfing the biosphere,, 
and the immediacy 6f dire consequences. The realities hold sufficient 
threat to spur urgent world-scale action.' • 

In every part of the world thoughtful men ponder the worsening 
plight of rivers and lakes, of the air, and of the land. Human wastes 
dumped from inadequate sewage plants flood the streams of many re- 
gions of the earth. Industry, in many nations, pollutes the rivers and 
lakes with foreign wastes such as detergents, heat, organic chemicals, 
and toxic substances such as mercury ‘compounds which have now been 
found even in ocean fish.. Agriculture does its insidious harm through 
excess fertilizers and insectidides leached from growing fields, arid 
through animal wastes dumped from feeding lots. As the per-persdn- 
pollution mounts, the population boo m adds fuel to the fire. ■ r : 

These insults to matural water bodies degrade their available oxygen 
supplies, alter their ecological balances, and in extreme cases,- 'produce 
eutrophication that imperils the very continuation of desirable life in 
these waterst Lake Erie, joint asset of the I LS. and Canada, is one of 
the womt-pofluted major lakes of the world, a nenrly-dead sea, ’Even 
that pride of Soviet lakes, Baikal^ abode of rare and Jextradrdinaiy 
wild species, is showing signs 'bf encroaching coritaminafion.' ,;i * ; 

■^tr polliitionf here and abroad, is anehually pressing problem, as 
hrisis smog alerts” threaten mor<j cities ever more '’frequently. - To 
quote John Tl Middl e tony who heads ;tho^N^ i Pollution 

istratidh:i ; \ { y * a .?r.uyllr// l dyyy ; lerire l.m > t bath rid 



• / P 1 ! 1 ’ throats and makes us sick ; it even kills some of ' ” 

s j'ii iP®; ahead of opr tnne. It bcsmirches pur great cities and iie- 

Pf th® f material goods arid t pleasures for which we 
. , f : enduring alloftbiejm^ 

We could sol v e tHe problem msiaridy b ng ,'all “ pi jy r 5 ~ ^ V 

cars and closing all our industries In time Vh^njjr j; -t rP 

would purge itself of most of its impurities. . . . r - 
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i But, of course, this is not a solution, andMiddletondoesnot pose 
it as such. Instead, he proposes solutions through regulation of effluents 
by law and compact, and through institution of financial incentives 
to find now ways, to do the jobs with less damage,: The automobile is a 
pr im e offender. It produces more than half of our, nation's hydrocarbon 
.pollution, nearly half* the nitrogen oxides, two-thirds of the carbon 
monoxide and most of the lead. The solution will not be simply to ban 
the car, but rather to alter its design, its fuels, and its patterns ol usage 
to, control, its adverse 1 environmental impact; In areas of the; world that 
have not yet made our automotive mistakes, our improvements can 
be their starting points, to the benefit of all. s. i • ;.i:. : ■ / ■ '-0 

I, Environmental pollution , problems are deeply entwined with the 
whole fabric of national and world society, '.and, will be: costly to repair. 
As Me George Bundy stated last year, (2),- there will be no obvious, 
consensual and painless .technical panacea available to us to solve our 
environmental problems. There will be .sharp: political conflict over the 
assignment of additional, cost; burdens involved ( in correctives. It. will 
he necessary, ! suspect, for us eventually to become . aware that in pay- 
ing greater costs today we are assuming, as we must, the costs left us 
as a heritage from the mistakes of an earlier generation. It is possible 
that we may soon be . up against unquestionable evidence, as Bundy 
also ; observed , that, further, environmental recklessness will lead to irre- 
versible damage. As he said , d ‘The values of our society and the quality 
of our politics will surely: be tested sharply by these choices between 
adequate and insufficient action; by the assignment of the burden be- 
tween producer and consumer, between, private and , public sectors, and 
between present and future: generations.’^ And Bundy could . have 
added that the. assignment 1 of the burden between the developing and 
the .developed nations will impose, new, and severe strains on interna- 
tional. mechanisms. These; strains will, I believe, necessitate insti tu- 
tipnal innovations of international character. L will say, some / words 

later, about .this. !s - ( >w«> 

' Another of dast; year’s panelists remarked /that : perhaps it was, easier 
to go to the moon thanr to. face up to, what is .happening in the street 
outside, X, heheve-^ more 5 difficult ; [I do ped think wo will 

Aibji ^prf greater^I boliovo that *he, needed 
technological tools and world will are at hand ,pr .very, nearly so.;Xho 
age of ecology may be the, age in which men of the, earth learn to live 
abundantly and in balance with the finite resources of the biospnere. I 
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II. Two Pivotal International Environmental Programs 

The problems of environmental pollution are enormously complex. 
It would be a. grave error to think that we fully understand all we need 
to know in order to control environmental degradation. But much 
is known. We have confidence that we know the necessary directions 
to which to vector top priority attention on many key environmental 
questions today. These matters have been widely debated in numerous 
national and international scientific- technical study programs and 

seminars, ..... y-.i;:-..--’-!/-! y-- ■ y 

In this section of my report, I single out two pivotal, high priority 
areas of international research and engineering effort that require 
international cooperation for their success, and. that are Important 
building blocks if we are to understand our natural environment , and 
from this optimize our use of its benefits. «. ^ i 

In a later section I still speak more briefly of other important inter- 
national environmental science programs that have valuable contri- 
butions to make. ’ 

A. THE GLOBAL ATMOSPHERIC RESEARCH PROGRAM 

The Global Atmospheric Research Program- is probably the most' 
ambitious international undertaking ever conceived in the environ- 
mental sciences. Its goals go far beyond .environmental conservation, 
and encompass a new and ambitious world-cooperative attack upon the 
fundamental unknowns governing large-scale weather and climate 
phenomena. Its benefits encompass an improved understanding of the 
maximum lead-time to which forecasting of the detailed circulation of 
the major wind and weather systems* can be: extended, 1 : ” ’■ 'M 

; The 1 Global Atmospheric Research Program, usually referred to by 
its not-so-euphonious acronym “GARP,” -will obtain real-world 
weather observations of adequate day-to-day resolution jfor. ihewM 1 * 
globe, lor a test period. At present, the world-cooperative weather net- 
works bring 011I3V about one-fifth of this amount of information to 
research workers. Tliese data will be used as an integral part of the 
GARP effort, to seek new levels of weather and climate forecast skill, 
h With real-world data of high resolution andjkiioivn accuracy, teams 
of scientists working cooperatively in many conn tries will make ex- 
perimental forecasts by various means and at variousileadtimes, and 
will have objective data against which to judge their sueoess'and'refine 
their theories;!: uL>rf. vh - r: n s yen Lwuu -nj-.iqaior m s 

It sounds simple, in principle, butitis a major task.? It would go far 
beyond our interest’ today, if il were -to ; detail forsyou the: many steps 
involved in reaching the GARP goal. But let me' outlines a* few salient 
features of the plan. Mk<p 
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First, GARP came about because scientists in a number of countries 
believe that new tools, primarily computers and satellites, now give us 
a prospect of a truly new approach to understanding and predicting 
the atmosphere’s main behavioral features. Among these tools were 
earth orbiting artificial satellites, and the giant computers now built 
or on the drawing boards. The forecast equations involved have long 
been known— in fact L. F. Richardson had explicitly formulated them 
in 1928, But computers potent enough to solve them are new. 

Today, for example, Dr, "Warren Washington, in the National Cen- 
ter for Atmospheric Research, using our CDC 6600 computer can solve 
the intricate meteorological equations for over 8000 measuring loca- 
tions of the earth, at two atmospheric levels, at six minute time-steps, 
and do so in a matter of minutes for a day’s synthetic forecast, I say 
“synthetic” because till now he must use, primarily* artificial (not 
real) weather observations. The computer he uses generates 38,000 
numbers every five seconds of running time, and plots the results as 
weather maps. The technique is called numerical weather model ex- 
perimentation. Real weather is being artificially simulated in a com- 
puter, when Washington carries out his modeling. 

Other centers, such as the NOAA Geophysical Fluid Dynamics 
Laboratory a-t Princeton, have similar model experiment capabilities 
and programs, 

Washington must have computers with a hundred-fold to a thou- 
sand-fold greater speed and capability to do his simulation with the 
realism we believe necessary to achieve our forecasting advances. He 
must have access to a computer that can add not three-million numbers 
per second, but something like a billion. Such super-computers ore in 
prospect for the middle of this decade. 

The aim of GARP is to supply scientists like Washington with real- 
life world- wide data to put in their simulation experiments, and 
against which to verify their success. 

To care for and feed super-computers like these, and to generate 
the software to assure that the simulation goes efficiently, will take 
scores of people and years of effort. And the magnitude of the GARP 
task, moreover, demands that perhaps a minimum of a half-dozen such 
numerical modeling groups work in parallel on- carefully apportioned 
tasks in the overall effort. Probably two or three such groups should 
he established i in this country. 

The numerical model is only a part of the story, albeit a crucial part. 
The computer must have data taken at the right scale, and of the 
right things, with adequate accuracy. Atmospheric dust, for example, 
affects, the heat balance of the atmosphere, so the computer model 
must have relevant measures, and know how, from its software, to use 
them. Ocean temperatures, earth topography, earth reflectively 
(albedo), including snow cover, forest vegetation, and other relevant 
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data must be included. And, above all, the entire earth must be en- 
compassed With day-by-day point-by-point values of wind velocity 
temperature and humidity, at every 500 km (300 miles) distance in 
latitude and longitude and for at least a half-dozen heign s. 

Obviously it will be a big step from today’s population-oriented 
weather measurements to the GARP ideal. Vast fractions of today s 
weather trends are scarcely observed at all. But many nations are 
already committed to the goal of achieving and using such da a. lhe 
prime goal is the “Fust GARP Global Experiment in the lattoi half 

President John F, Kennedy, in a momentous speech beloie the 
United Nations General Assembly in 1961 set the wheels m motion by 
calling for “further cooperative efforts between all nations in weather 
prediction, and eventually in weather control.” Two subsequent IN 
resolutions gave specific substance to a cooperative effort, which has 
culminated in the two-pronged World Weather Watch : (1) 1 6 evo ving 
operationally-oriented world weather system, and (2) the researcn- 
oriented Global Atmospheric Research Program . My old and revered 
friend, the late Harry Weder of the U.S, Weather Bureau, and my 
much newer friend, Dr. V. A. Bugaev of the Hydrometeorological 
Center of the USSR, coined the name World Weather Watch, and 
paved the way for the subsequent major world cooperative researc 
thrust in GARP. . , 

The 90th Congress of the U.S. endorsed our nation s participation, 
in May 1968, through Senate Concurrent Resolution 67. 

I Our moderator, Tom Malone, and the distinguished Swedish 

scientist, Dr. Bert Bolin, have given and still give outstanding leader- 
f? ship to the international effort, which culminated, some years ago, m 

l an unprecedented agreement by a UN-related organization, the World 

1 Meteorological Organization, and a non-governmental orgamzation, 

[ the International Council of Scientific Unions, jointly to plan a major 

& world cooperative research program. A committee of 12 men from 

I countries directs the effort, with staff support from Geneva.. _ 

y Robert M. White, the Administrator of NOAA, Us given high 

1 priority to GARP in the U.S; World Weather Program. The National 

f Academy of Soiences sponsor, a 14-man “yS. Committee for the 

f Global Atmospheric Research Program,” under Jula G. Oharney, to 

I oversee the U.S. effort, which will deeply involve universities, the 

I government, and industry; Charney’s own personal contributions have 

| <riven' ‘us much of bur confidence that the GARP goals are soundly 

! conceived — blit the planning effort has been a long and careful one, 

S and many distinguished scientists have been involved. _ 

l Our own laboratory, the National Center for Atmospheric Reseam , 

I is already deeply involved in various parts of the research, particu ar y 

I in numerical model simulation. We have also taken on development 
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efforts for special balloons, aircraft, and other facilities needed in 
GAEP, 

GARP’s first major international field experiment is the ( ‘GARP 
Tropical Atlantic Experiment” probably to be carried out in the sum- 
mer of 1974, The effort will focus on the Equatorial Atlantic Ocean, 
and will involve special studies of tropical wind, moisture transport, 
cloud systems, turbulent flux of energy and other atmospheric proc- 
esses, Tightly-coordinated measurements programs will involve more 
than ten different nations, who will contribute extra-territorial facil- 
ities, such as ships, ocean buoys, special balloons, instrumented aircraft, 
and satellite time. More than SO, other nations will make specially 
accelerated land-based measurements during the experiment. 

The next major GARp effort will be the “First Global GAEP Ex- 
periment.” as I mentioned above. Tins is a truly global weather observ- 
ing effort over a specific, test period during which many specialized 
measurements will be .made. It , will be the first effort at obtaining truly 
global weather data coverage for use in large-scale weather simulation 
experiments. The data \vill be available' to, all nations, ...... , 

Many other preliminary and; essential cooperative, steps are in prog- 
ress, For example, about; 36. scientists in some, 18 countries are now at 
work on special numerical, model efforts designedjto assure that future 
models will be adequate, to the; job of efficient exploitation of the later 
special observing periods, when the data arrive. : 

The, scientific! and practical gains to be expected, from this remark- 
able program "are. far: reaching, From the effort we hope to make a 
significant advance in weather, forecasting skill. The most reliable esti- 
mates suggest, that large-Sjcale atmospheric motions are potentially pre- 
dictable to a fimit, of at least two weeks, .Thus it, seems, theoretically 
likely that we. will be .able to make useful forecasts of daily sequences 
of. large storm systems, and. other weather features out to a two-week 
lead-time, and, perhaps longer,. Statistical trends may be determinate, 
and capable of useful forecasting for longer lead-times, , ;! , 

But only a fully global scale effort like that projected, for GARP 
can make the “great' leap ’ that Jule Charney has identified as neces- 
sary , to be. } sure , that our .theoretically-based , expectations , are , .truly 
realizable. s r:/,,i. :.,j 

, , ^ The potential ben silts, of forecast improvement need little explana- 
tion,. They .encompass agriculture, constructipnjfj electricity and gap 
power management, water ,conservati,on, apd distribution, transpprta-, 
Lion, recrea tion, and innumerable, p ther, uses,, .The, benefits, extend ,in,to 
eyerynegment of our i national and international activities, 

To me, however, a prime benefit will ;be, the confidence we will have 
if we can; verify the validity , of global; numerical , weather simulation 
models; with real data, .^med,. Then; .with crediblp; models, I would 
hope. (that. WO could simulate vast, numbers . of highly, important .real-; 
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world weather experiments economically and without the risk of 
gambling huge sums of incurring the adverse side effects involved 
when we experiment in, nature. 111 the: computer we could modify 
hurricanes, release huge dust clouds, spread artificial cirrus, elimine.te 
smo 0, and do vast numbers of other experiments to assess their feasi- 
bility and their side effects, as a guide to understanding what may 
happen in real life. This benefit alone may justify the multi-million 
dollar world-cooperative effort, in my view, t 

St ill another great benefit will be in the strength it can give to the 
sound cost-benefit assessment of' given levels of improvement m 
global weather and pollution monitoring systems for future opera- 
tional systems, s;i . . 

Finally, I regard GARP and the follow-on weather .applications 
of .space as one of the most promising and economically justifiable of 
aUi suggestions I have seen for the post-Apollo exploitation of our 

nation^ capabilities in space. - t . 

In summary, I believe that the GARP- program merits prionty at- 
tention in national and international science and technology priorities 

for the following reasons: , , . . 

1. Its underlying aim is the benefit of afi mankind through im- 

r . proved knowledge of weather and climate, i •. r ^ ’ 

2. It is made-to-order for international cooperation, and in fact 
, cannot come about, without extensive cooperation that will mvolve 
.many of the developing countries in the use of available tools and 

techniques to give regional data for a , global network. 

, 3, It excites the interest of the general public as do few scien- 
, ; tific or! technological, questions— especially since it includes work 
on many: important \ aspects of weatber and climate, modifies Uou, 

. both ideliberate iand. inadvertent, ; ;»• J*»‘l •' : ; _ , ' 

, , 4. Space technologies are essential to its success, though it also 

. -makes strong demands upon conventional meteorology, a field 
with, an already remarkable tradition! of «• ihternational eoopera-i 



: M tion, on 'which to. bunded i miiufbu-’j'po* w-m ><■ u 

5, Detailed studies have been earned far, enough so. that we 
,v, j know fairly ! well its probable dimensionsp costs, • and ■ products. 

There are, enough, gambles to-make itiexcitmg.f <;<*“" • ”, ' 

vi\r-n r „ . if . • u. 

ol B. GLOBAL ENVIRONMENTAL MONITORING i 

The U.N decision to craven,- “World Conference' 011 the Human 
Environment" in Stockholm in Juno X972 has tri&arrf tut new ..-.ter- 

Vlikr&k a fid' ^^waMeS^'Gbhstructtve prepara- 

jns and in many 



countries. The UN challenge was to the governmental and n.-.n-gr.rerr.. 
menttl community alfte',' 'and both sectors are rtepondmg. ^ 
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The questions involved in developing national policies to deal with 
international pollution-control are., however, highly complex— as are 
most things having to do with the environment. For some pollution 
problems, choices are difficult. DDT usage is a case in point. DDT 
appears in some countries to be the best hope for economically prac- 
ticable control of malaria yet a ravaging scourge. In others it holds 
perhaps the only clearly realizable short-term prospect for increasing 
agricultural productivity in a country struggling for more food for 
starving millions. But the very properties of DDT that most com- 
mend its use, low cost and long-lasting toxicity, make it a more serious 
throat in the environment. It is easy to see why an outright earth-wide 
ban on DDT usage would seem unreasonable in many a developing 
country, however it might seem to us desirable 

There are countless other examples. When pollut ion-lVcc production 
of electric power, say, significantly adds to the cost of power produc- 
tion in a country where the cost is already beyond the means of most, 
concern with the environment seems a direct threat to widespread 
achievement of the benefits of development. Indeed, it is hard to see 
otherwise! It can only be otherwise, if the advanced nations of the 
world recognize the jump they have gotten at the cost of past pollu- 
tion errors, and take responsible stops to aid the developing nations to 
achieve the costlier economic and industrial growth that' will result 
from starting at the very beginning by protecting the environment. 

The Unitedi States is now the world's leading polluter; we have 
visited our sins on our land (tad our earth for a long time: It will be 
costly enough for us to mend our own ways. It will he even more ex- 
pensive for us to lead a world- wide movement to protect the environ- 
ment, at the same time that we espouse bringing the fruits of develop- 
ment to all the world. But there is no other choice for us that I can 
see. An advanced nation will not get far in efforts to marshal world 
opinion behind environmental conservation, unless it can assure that 
industrial benefits will not be denied poorer nations by the higher costs 
occasioned by new international pollution standards. To a country 
struggling into the modern world, it may seem' indeed ah abstract 
worry that chi onie eye and lung irritation, say, result from increased 
sulfur oxides released by the cheaper means of electric power genera- 
tion that can bring higher standards of living faster. 

Even in our own country, more depressed economic groups tend to 
be in tolerant of spending national resources on pollution control, when 
they haye grave disaffections with their housing, jobs, schools, health 
care, or their compensation for work. Some even regard the environ- 
mental issue as a smoke screen for a do-nothing stand on their more 
urgent issues’ ' ' ^ , . ? 

Our experience indicates that for all of their desperate desire for 
prompt access to the goods of advanced industrial societies, thoughtful 

as27 



WALTER ORE ROBERTS 



21 



men in the developing nations are increasingly aware, as earlier arrivals 
on the industrial scene were not, of the magnitude of the long-term 
costs of doing things wrong. After all, it costs far less, in the long run, 
to avoid the problems of incorrect chemical industry plant-siting, for 
example, than to rebuild a city or an industry to get around earlier 
errors, 

The human costs will, moreover, be far less if things are done right 
to start with, and direct experience with the error is averted. It is my 
hope that the developing nations will be eager, given credible oppor- 
tunity, to benefit from our errors and to avoid them— particularly if 
we can share in the costs of their so doing, in an enlightened self- 
interest derived from our new-found knowledge that their natural 
environment is also, to greater or lesser degree, involved with ours. 

In any event, it seems probable that the Stockholm conference may 
provide favorable circumstances for two important actions: : 

1. Adoption of a world declaration on protection of the environ- 
ment proclaiming the rights of all men to enjoy healthful natural 
environment^ and enjoining all nations to exorcise responsibility 
in arresting degradation, of the environment or wastage of its irre- 
placeable natural resources. - : : ; 

2 , , Development, at least 1 in preliminary fashion, of program 
recommendations to establish a cooperative, worldwide- environ? 
mental monitoring network for specified substances. 

Already a number of national and international groups are involved 
in approaches to these matters. ■ • ; > ; : 

I shall not seek to review the nature of all of the relevant groups 
or the character, of the steps they are taking, but I mil mention briefly 
a few of them: ::i : j Ji.-i, >'•- t : r_ ,_•> s ■ - 

1. The U.S. National Academy of Sciences, National Research 
Council, Has created a Committee for International Environmental 
Programs, chaired by Thomas '• F. Malone , and staffed: by Henry- J, 
Eellermanii i' , .n.; • -d . »,«* . ,u .’-ml..- bbev In 
This group provides reviews, in advisory capacity, of various na- 
tional initiatives, : governmental and t non-governmental, and aids in 
the development of national vie^oints on environmental matters, 
including how best to structure an internationalimonitoring network. 

2 1 SCOPE. The International Council of Scientific Unions has for 
several years had a Special Committee on Problems of the Environ- 
ment. This committee recently created a Monitoring Commission, 
which is in process of coordinating various national viewpoints about 
how to organize, ? within ICSU or the UN-related* structures an [appro- 
priate envirqumeEital monitoring system, including such questions as 
what to measure, ihow to standardize measurements, where to locate 
monitoring stations,' etc. The USA, USSR, and Sweden have . been 
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particularly active in providing inputs to SCOPE'S Monitoring 
Commission, ■ 1 !1 • 1 

. , i SCOPE has also proposed the : creation of the ICE International 
Center for the Environment, for 1 the purpose of establishing a global 
environmental monitoring program,- an international research center 
on global environmental problems, and a central “intelligence service 
or clearinghouse on environmental knowledge. ^ _ ; . 1 

Other groups have proposed creation of an International Institute 
on Environmental Affairs (IIEA) as- an independent nongovern- 
mental, nonprofit organization designed 1 to s* nulate decisions and 

actions in international environmental matters. 

3. SCEP. A group called 1 the •' Study: : of • Critical Environmental 
Problems produced an excellent summer study with broad national 
participation, in 1970. The study, sponsored by the Massachusetts 
Institute of Technology, dealt in solid fashion with many aspects of 
environmental protection and reconstruction. The substantial report 
entitled: “Man’s Impact on the Environment, Assessments and Rec- 
ommendations" can be unreservedly: commended: The SCEP group 

has also developed a series of recommendations for national and mter- 

national monitoring. It identified specific pollutants • for priority at- 
tention, including toxic heavy metals, ocean oil, heat dumping, and 
DDT-like substances. For each agent it discussed specific monitoring 

requirements, ‘ : : " v ! ' . 

4. The United Nations Association, about one year ago, created a 
special Environmental Group that has exchanged papers with a coun- 
terpart group in the USSR; and hopes to have joint meetings early in 
1974 to see whether a joint position paper or perhaps an international 
paper can be generated as a non-governmental input to the Stockholm 

Conference • ■ ■ - = -< * * * = ■ . i vi .■ * *- 1 * j ■ 

Both groups die, cussed monitoring network proposals, and some dis- 
cussion iwas 'given- to establishment of world standards for effluents, 
and the matter of world enforcement, but the latter are only sketchily 
developed thus far.' *n« j p , 

5. The U.S. Government, of course, has named Christian Merter, Jr., 
Special Assistant; to the Secretary of State, Mr . Rogers. This is, in- part, 
assign of the. Admmistration’s liigh priority of attention toiprepara. 
tidnsiffbr Stockholmi.i Mr. Herter’s office has no position,! 'so far as I 
know; son global enwbnmentat monitoring.-^- 3K ,, b«;h 

,f] 0.' Various other- national and international groups (have expressed 
interest and recommendations 1 in' environmental monitoring, ranging 
from i the International’ Biological Program to the Smithsonian Insti- 
tution iresearch: groups:* The American iGhemieal Society, for example, 
has produced an excellent- study entitled? ^Gleaning Our Environment,' 
The Ohemical Basis for Action”;. It too is: highly ^recommended; mum.-i 
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In conclusion, it is clear that much talk about how to monitor is 
going on, but there is Very little actual new 1 research of development- 
actively in progress to extend the various global environmental moni- 
toring programs (00 2 , solar radiation, rainfall composition; ozone, 
atmospheric dust) that have been operated i n somewhat uncoordinated 
fashion for many years; 1 . ; ,i:; v : ‘- ! ’’ • 

One can expect that post-Stockholm concrete monitoring agree- 
ments mil begin to take shape, and serious environmental tnonitoring 
will begin on easily comparable bases. However a great dfeal of solid 
research and development Work is required yet. Moreover,' stronger 
attention needs be given the frequently repeater expectations that in- 
direct satellite monitoring offers substantial promise; 1 *’>*!;. 

111. Other Environmental Science and Technology Issues of 
} - . . Special '.International Importance »<* 



It falls far beyond my skills or the time bounds Of thispanel session 
to conduct a full and comprehensive review of the problems engen- 
dered by man’s intervention in the ecological balance of the biosphere. 
Instead, I shall select a few key problem areas, and even for these deal 
only briefly with a few salient issues. My discussion win be biased to- 
ward my own environmental interests and those of my fellow scientists 
in the National Center for Atmospheric Research, whose laboratory is 
the atmosphere itself. : '• 1 

I^ Y. . .i’v, ,,.'Vs ji/'A . • 

A. MAN-MADE CLIMATIC CHANGES 



Helmut Landsberg has recently published a superb review of man’s 
effects on urban climates, and of his possible impacts on world climates. 
He points out that climate, the totahty of weather conditioris over a 
given: area for an extended time, is variable. He then confronts the 
central evidences that man has already inadvertently altered local or 
global climates,' or that he can in the future do so by design or inad- 
vertence. I commend tMS highly readable Article to you! :•>< >V‘ ’ ■ a > ; •> -mi i : 
F Landsberg takes a dim view of some of the exaggerated claims of 
climatic effects that have recently been debated in public media,' often 1 
“with more zeal than insight.” Among them he cites the seemingly 



groundless idarm over global oxygen deprivation. ; . , . ;. f , .. 

He, then proceeds with .excellent, objectiyity tq sort fact from fiction 
and substantive knowledge from speculation. Let me .cite just ’a . few 
of, bis statements',^ ’.J, V‘ 

A feat, fact, is the. well-established;, existence of. substantial climatic 
fluptuations oyer ,a f range of time scales and regions. Over the last 250 
exampip/inthe . regions , bordMing.tW^ 
late 18th Cen fcury , was warm, the 1 9th Century was cool, and the first 
half of this Century was warm, with a marked downturn in the last; ‘ 
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two decades. Average win ter snowfall on Alt. Washington, New 1 lamj)- 
sliire, for the 15-year period centered at 1942 was over four feet less 
than that for the more recent, succeeding 15 years. But he warns 
against over interpretation of data like those as global or hemispheric 
indicators of climatic trends. 

As Landsberg indicated, many factors appear to be involved in cli- 
matic change. Among these are tropical volcanic dust episodes like 
the great Krakatoa explosion of 1883 or the explosion at Alt, Agung 
(Bali) of 1963, each of which spewed vast clouds of light-absorbing 
dust and other materials into the stratosphere. 

Anomalous ocean temperatures, and large-scale wind system trends 
appear also to be implicated in climatic trends, especially in shorter 
time scales. The severe eastern seaboard drought of the 1960's, for ex- 
ample, appears to have been accompanied, according to Jerome Narnias 
by unusual ocean surface temperatures near the East Coast but 
even more importantly, by wind system changes far away in the North 
Pacific. These distant teleconneotions, of course, are one of the reasons 
why the GARP program must be global. 

In the face of these and the many other natural fluctuations that 
appear to affect climate, it is no small wonder that man's impact is 
hard to unravel and to know with certainty. But there are some sug- 
gestive signs of man's involvement. Landsberg gives details; I will 
only skim: . , 

1. Carbon dioxide (COa) 

C0 2 in the atmosphere, which is globally, is apparently increasing. 
Burning fossil fuels, appear* - -to be a major cause for the increase. 
Plants consume CO*, but when they, decay give it back. The oceans 

dissolve GOj^ but, less so when they are warmer,;: , : ■}■> 

COg is a governor of the Tetention of solar heat by the atmosphere 
(an effect often, and somewhat misleadingly called "the greenhouse 
effect”) . It is thus possible that; man is increasing the global C0 2 , and 
that c lim atic effects result, and will be even greater as, the C0 2 content 
accelerates* upward. But without considerably more detailed research 
the matter must; be considered speculative., , ,, , ,, n . 

i. Dust ’ - '" i: -:,r " . 

Volcanoes are probably the earth’s largest sources of atmospheric 
dust. i>eserts, like the Sahara, when whipped by high winds are also 
probably important. There is no question but that atmospheric dust 
alters the strength and character of the sunlight falling on earth, and 
so domg is likely to modify the climate. Alan is; moreover, no incon- 
siderable dust maker. Not only by “breaking the plains” but also by 
industrial smoke; photochemical: smog generation from cars, but by 
a kost of other Affects man And his cities are implicated. 
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In American cities, man’s pollution has probably, over and beyond 
possible cloud effects, reduced the average incoming visible sunlight 
by about 15%; more in winter, less in summer. The reduction in ultra- 
violet light is substantially greater. When the city of London “cleaned 
up” by adopting smokeless fuels, winter sunshine increased 70% and 
horizontal visibility improved by an average factor of three. 



S. Non-urban land use effects 

Interestingly, Thomas Jefferson was the first of whom I am aware 
to suggest systematic climate monitoring surveys in newly broken 
farm lands to assess whether man’s patterns of virgin land use would 
alter the nation’s climate, 

Soviet agriculturalists have long looked to forest strips and other 
means of mi croclimatic control to collect snow, ameliorate wind effects, 
and air farming. However, the effects of large irrigation projects on 
adjacent climatic regimes are still not established, save for the very 
boundaries of the lakes. Nowhere has changed land usage, to the best 
of my knowledge, 1 been seriously proposed for large-scale climate 
effects. Speculations ha ve been raised of the possible effect of changing 
the flow North Paciftc to the Arctic Ocean by a joint American- Russian 
dam across the Bering Strait, What it would do, if anything, is, still 
highly- speculative. -This kind of ; effect; is- a possible future ;topic< for 
numerical simulation,.. as I described in the GARB section above. To 
try it would cost a few thousand dollars by simulation. In nature it 
would probably cost over. $30. billion. This is why the suggestion 
cannot be considered serious, ; 



Urban Effects ' ;i! h % 

Every major city produces ' a “heat island,” In addition to giving 
greater cloud -producing convection, this heat island can make urban 
temperatures As much as 10° F. warmer 1 bn calm, clear evenings. ' 

1 1 seems' to rain more over most cities. Part of the effect is due to 
wind Effects of tRe high buildings, which are somewhat cquivalent 
to the well-known mountain effects, A 5% change in average winds at 
the top of the Eiffel Tower, as Paris has built up over the past 50 years, 
is, Landsberg suggests, one of the best direct evidences of this effect. 

, . Another effect apparentiy evidencing man’s impact is;the fascinating 
evidence recently found; for greater rainfall over cities, from Monday 
through Friday, as compared to weekends., ’ T? 

Some evidence, still controversial, exists suggesting that man-made 
freezing nuclei and condensation nuclei released to the atmosphere 
alter snowfall and rainfall significantly. Automobile exhaust lead- 
sulfide, reacting in the atmosphere with industrial wasteiodine or 
bromine, f or ; example, appears to be a potent? <^ud seedmg nudeusi 
generator, , ij;t , 
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Finally, so far as' city-effects are concerned; the actual heat released 
to the atmosphere by heat-rejection by mail is growing as power* and 
population increase. Soviet scientists » have ; expressed special ■ interest 
in this. ’ .*»d ■; .> d - 

• Summer air conditioners and winter chimneys are major factors here. 
On a hot summer day a significant fraction' of all' of New York Gity’s 
electric power is spent rejecting to the atmosphere the heat inside 
buildings. By the year 2000, Landsberg suggests. the heat rej ection in 
“Bosnywash” (the Boston-New York-Was^igtpn megalopolis), may 
have an average winter heat-rejection rate, equivalent to 50% of the 
total solar heating of the same region (a summer yate of 15%). Eyep 
the very human body metabolism beat; loss from the 56 million people 
in the super-city will be a considerable contribution! ’ 

. , ‘ : - :j * \ : » 1 . . :* i ; ■ - ; i ?: t ( * } . M = « ■ . .’ ! i ■ *. . : ; , 1 i ; ■ • ; i s * ■ ;-j ; i 



5, -Supersonic jet effects ■ ; ^ , ,< t . i; ;: u;; 

Much has been said about dhe possible climatic effects of * SST 
deployment on a vast scale, Landsberg expresses the view- that -the 
smell incremental amount of water vapor (one billionth part) added 
to the atmosphere would have no effect one cOUld reasonably anticipate. 
He believes the environmental implications bf sdnio'hodm are far more 
important than any climatic implications. The SGEP summer study, 1 
mentioned in If B above, on the other hand,' expressed concern over 
possible SST generated photochemical smog. For my own part I am 
inclined to agree about watet vapor, but believe, with the SCEP report, 
that a careful technology assessment of ' the photochemical smog effect 
in the stratosphere is urgently merited, » «<•. 1. ,•••. 0^.1 ^ m 

I also believe additional attention should be given to nudeation 
effects of vapor trails left by sub-sonic jets in the far iioister lower air 
where Boeing 747 and similar jumbo jets fly. I believe some large-scale, 
climatic effects may result from increased, cirrus cloudiness, though 
Landsberg doubts it. In any event, very little study has been made, of 
effects. Here is an area where global , monitoring might produce 
fruitful results. J \ ‘ ' ','“ l “ 
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B. WEATHEE MODIFICATION RESEARCH r ■ - : • < ; 

i \ 7 :• * ?♦ 7 ori’.H.o ■ - ‘O (hi / /Vj- 

i’Tn several ’ areas;- deUberate efforts 'are : being' made 5 ; to ' conduct 
research or operations 1 to modify local weather. 1 I shall largely skip 
over these because their international’;-' are' not 1 almajot 

feature. • -.idr.') Jd-vs ntiviu > !li j ; - , d 

■.‘■lUiiqVUi. 1 i U ObJ 1 . i-jI'/HiJ ! H I { Sg'sM" ! :iO , .> ('d'jl.'iJ U.V> !'* 
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in assessments of ecohgical disturbance by man’s future intrusions. 



WALTER ORR ROBERTS 



27 



For some biomes wo may have, as a result of the IBP work, ecological 
baseline measurements of considerable importance. (Literature is 
available.) 

D. INTERNATIONAL HYDROLOGICAL DECADE 

Another international environmental program with value to en- 
vironment assessment and to climatic research . (Literature is avail- 
able.) 

E. BIOLOGY AND MEDICINE 

To the best of my knowledge there is little or no internationally 
cooperative research in progress dealing with the crucially important 
subject of the medical and biological effects of exposure of humans 
and other species to various levels of environmental degradation. A 
number of innovative national programs with international aspects 
are, of course, in development. One of the most interesting, for , ex- 
ample, is the Salk Institute’s Council for Biology in Human Affairs, 
with international participation and programs under several com- 
missions dealing with such topics as biology in international affairs 
(contraceptives, population dynamics, biological warfare, bridge- 
building to Communist China through biosciences,, etc.) . . ' ; 

P, international law 



International environmental law is a field of probable great future 
im portance. A number of studies are in progress, but I know of no 
internationally cooperative efforts in the field comparable, even, with 
the modest efforts in space law undertaken under auspices of the In- 
ternational Federation of Astronautics. 

Weather modification law is, of eoursa, a small bub hot field m the 
U.vS. today, and so is the growing domain of environmental law. 



IV. Commentary on Specific Environmental Questions - of 
Interest to the Panel Meeting ■ ; : 

A. INTERNATIONAL COOPERATION IN VARIOUS BNVIRONMBNTAL SCIENCE 



DISC. PLINES 



I have already commented on this matter above. To summarize in 
a few words, I visualize that the most active environmental cooperative 
thrusts will be in the Global Atmospheric Research Program, and m 
the realm of planning, organizing, and developing techniques for 

global ? environmental , monitoring. (•,,§ uc « ’ iV 

A major focus of interest; now centers on the June T972 Stockholm 
U.N. Conference on the Human Environment. A key issue; at, the Con- 
fe rence, and the pre-conference planning sessions is the null or imag- 
ined conflicts between environmental protection and the development 
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of the poorer countries. This may prove to be one of the most im- 
portant world issues of the decade. 

B. DEVELOPMENT OF NEW , MECHANISMS FOR INTERNATIONAL 
ENVIRONMENTAL COOPERATION 

1 . Research program agreements 

The time-honored pattern of voluntary agreements, variously for- 
malized, is likely to continue as a major pattern for international en- 
vironmental cooperation in the GARP program and other programs 
of the coming decade, in my view. The creation of the Joint Organizing 
Committee for GARP, approximately four years ago, was a rather 
innovative form of agreement, because it transferred all GARP-asso- 
ciated planning functions of the World Meteorological Organization, 
a U.N.-related governmental organization to a rather self-governing 
joint committee equally loosely controlled by a non-governmental 
entity, the International Council of Scientific Unions. The mechanism 
has worked well, with minimal bureaucratic red tape, and with the 
Joint Organizing Committee co-located with WMO, in Geneva. 

Intergovernmental agreements are likely to remain the pattern for 
GARP, with minimal central bureau control. Much of the interna- 
tional work -will be done by experts provided by various nations to the 
Joint Organizing Committee. The mechanism seems to function far 
more successfully than one might imagine, and the national experts 
“lent” to the international program appear to develop an excellent 
sense of identity and commitment to the integrity of the international 
program. It remains to be seen if this pattern will continue, but at the 
moment it looks propitious to me. / v 

In respect to the Global hlonitoring plans, there may he considerable 
push for more bureaucratic forms, with international secretariats, for- 
mal organizational identity, etc. In addition, there may be some jock- 
eying for mission responsibility among the various relevant UN- 
related agencies with already large bureaucratic structures, like 
UNESCO, FAO, WHO, etc. Because of the diversity of disciplinary 
interests embraced by the problems of the environment, I would not 
be surprised to see nearly a dozen contenders for monitoring jobs. But 
such a form as that used for GARP might not work badly, with a 
small high-level policy and coordinating body giving overview. 

2. An international science foundation? 

The notion of an in <>oruatioual science foundation pops up per- 
sistently in nearly all international policy discussions. Roger Re velle 
espoused it before the science policy hearings of this Committee last 
year. Considerable thrust appears to be developing for the concept here 
and abroad. The recommendation has much merit, to my view, in terms 
of environmental science. But Revelled criteria should be observed: 
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small grants, developing countries, relevance to country need, oppoi 
( unity for students, etc. It will not fill the need for major GARP-type 
research program support of international character. This must come 
largely, I believe, from governmental agreements, supplemented by 
smaller sums from international sources, such as the Development 
Fund administered by the World Meteorological Organization, or 
other international funds. 

3. An international university? 

Another appealing notion with growing numbers of adherents is 
that of a world university. If environmental science assumes the world 
importance that I predict for it, such a mechanism eordd play a highly 
useful role. 

It might well have its origins entirely at the graduate research and 
educational level, and could be built around the notion at the outset, of 
a formally established coalition of developed-country University 
scholars (from different countries) in established universities or research 
centers (like the National Center for Atmospheric Research, the Sloaii- 
Kettering Institute, the Brookhaven National Laboratory, oi various 
university-related research centers) who would undertake association 
with small groups of scientists in each group associated with a uni- 
versity' in a developing region, but governed by the World University. 
In each association, a tie to country need for the developing country 
would be important, and the effort should bo made to do a single dis- 
ciplinary group at each underdeveloped nation center, rather than to 
cover the whole range of science and technology at each place. En- 
vironmental science areas are, again, well adapted for such effoits. 

4, Stimulation of multi-national corporate ventures in environmental 

science and technology 

I am much impressed with the important technology transfer that 
sometimes materializes, under favorable circumstances, when multi- 
national corporations take up the task of establishing industrial plants 
in developing regions. 

In areas where the fruits of . advanced technology are to be^ brought 
to a poor area, the sophistication to install environmentally -sound 
plants, the skill to integrate local managements, and to develop local 
markets in concord with local mores— these things seem often to be 
especially well done by multi-national corporations, and at small pub- 
lic cost. . , 

I believe that attention might well be given to provision of specia, 
governmental incentives for the development of industry in environ- 
mentally optimal ways through multi-national corporate means. Theie 
is a discussion of this matter in slightly different context, in an excel- 
lent recent article by Caryl Haskins. (9) Perhaps Dr. Haskins could 
usefully be invited to develop specific comment on the adaptability of 
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this mechanism to the problem of having development and a clean 
environment. 

5, Mechanisms for international environmental standard-setting and 
for conij'ol and enforcement 

This is a knotty topic that I am not prepared to confront at this 
time. It seems to me that the first steps need be firmly started first, 
namely those of establishing agreed-upon parameters to monitor m 
the environment, and agreed-upon techniques for measurement. Con 
trol will probably be feasible only as a national matter, for some time 
yet, It seems unlikely that international pollution-monitoring or en- 
forcement teams will yet be acceptable to most nations withm their 
borders. However, it does seem likely that agreed standard levels 01 
effluents will he achievable, with national control and enforcement kept 
within national authorities. In international territories it seems high j 
desirable to establish, as promptly as possible, the principle of inter- 
national monitoring authorities. This should apply to oil on the oceans, 
organic wastes in international waters near river outlets, etc. 

Space surveillance, if effective, may open new possibilities for pollu- 
tion monitoring, under international auspioes,. over all countries. 

O. THE LEGISLATIVE ROLE IN DEVELOPMENT OF INTERNATIONAL, 

SCIENCE POLICY 

111 my view, the policy role of the public man is critical in interna- 
tional environmental science policy as in domestic— to echo Me George 
Bundy’s last year’s remarks. 

1 . Critical review and support of national programs 

Programs like the GARP should be the subject of detailed and con- 
crete Congressional review. I would like to see all elements of H P ai ‘“ 
ticipatioii in the GARP drawn together and made the subject of a lull 
and coherent Congressional study and policy determination. As things 
are now done, parts of the GARP program arehontfibuted by various 
institutions, governmental and otherwise, and it is yei y hard to ^ive a 
unified picture of the Teal cost and the real merit of the program, o 
be sure, review is done in various intefagency groups, and in all of the 
participating a^a«es,twMdtf : id6ntafy' and f firguei out their contribu- 
tions in their own budget processes. But I feel that programs invo virtg 
this measure of national prestige and world significance should be 
scrutinized at the legislative level in some sharper v ay. . ...... 

I may he naive about this, but. I would like to see a review of a major 
research program like GARP made in an appropriate single commit^ 
that has direct budgetary responsibility , rather than see a program like 
this pieced out from various contributions made by different agencies. 
It would help give ah’ exciting program like GARP the public visi- 
bility that it merits. Arid it would give the Congress a sense of respon- 
sibility for the program that is now diffused amongst the various 
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groups./ 1 am aware, of course, that the legislator has many demands 
on his time, so that very few programs could command this type of 
review and decision. But I think that it might be a good idea to try, 
in some selected environmental areas,, and problably GARB is the only 
international example at hand now. The International Biological Pro- 
gram might have been a similar example a year or two earlier in its 
life. The IQY program, if my memory is right, did have such review 
and its own special budget. 

2. Consideration of international environmental control standards and 
1 regulations 

At the time when international environmental controls are estab- 
lished, by whatever form of agreement, the overall picture ought, I 
suspect, to be made the subject of an occasional in-depth panel review 
for the Congress. Perhaps the format of this panel meeting would be 
suitable, but with a much narrowed agenda. 

Important policy matters to the national interest will be involved 
in environmental control issues, and the general public will have a 
very strong concern in the nation’s position. So 1 believe it will be 
desirable to create some means .of. special co mm unication between the 
Congress and the appropriate technical experts, well before we near 
the stage of freezing on international control standards. , 

o, RELATION OF ENVIRONMENTAL SCIENCE AND DEVELOPMENT TO 

DEFENSE AND ARMS LIMITATION 

This subject has some highly interesting and important aspects. 
The use of herbicides and other plant regulating substances in war- 
fare is but one facet. However, I have not addressed myself to these 
matters in the time available to me. 

E. SPECIAL ENVIRONMENTAL CONCERNS IN THE DEVELOPING COUNTRIES 

This subject has been covered in my co mm ents above. To reiterate, 
the key issue here will be how. to assure that environmental protection 
measures do not retard the advancement of the developing countries. 
The topic has far-reaching consequences, when we recognize that a 
change of life, style i is irii/ prospect for all peoples of the earth if our 
resources are to be equitably distributed, and if every product manu- 
factured is to< be kept from producing environmental' degradation of 
an unacceptable level dr kindu , * ■> -, j : , . . . ■ . .i > 

F. ENVIRONMENTAL SCIENCE POLICY AND; THE SOLUTION OF SOCIAL 
, ■; . ; t. PROBLEMS 

I . 'Protection of public rights in environmental modification 

N ew measures may be needed to encourage the protection of the 
interest of the public in subtle matters of environmental amenities or 
rights. Recent court actions, and the flurry of environmentally oriented 
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law groups, is a step in this direction. But there are many difficulties. 
The Trans-Alaska Pipeline and the nuclear underground blasting for 
gas development are good examples. So far, these issues are largely 
national, and so outside the domain of my paper. But their analogs are 
not far off on the international scene. 

Where ocean fish, that make for one national group a livelihood, 
breed in another nation’s territorial waters, and these waters are ad- 
versely modified, we have a small example of the kind of problem 
that may face us in larger scale. 

In northern Europe there are now regions where severe air pollution 
is often present over a country, and has not originated in that country. 
International laws are going to be difficult to develop ; there may be 
grave problems in protecting the individual. It may be hard to develop 
an international “breathers’ lobby” like the one the Wall Street 
Journal recently identified in this country. 

2, Priority setting for environment science and development 

The priority setting problem is a tough one, for environmental 
sciences. How can one compare the importance of cleaning up Lake 
Erie with that of developing quieter, less-polluting public transporta- 
tion in New York City? Science and technolog} 7 , following the changing 
temper of our times, move increasingly toward domains that are 
relevant to social needs. But the choice between what social needs to 
serve is still the tough one. 

Of one thing I am confident, in this field. I am convinced that we 
are better off with a diversity of sponsors establishing priorities, and 
making funding choices. But I also believe that each sponsor should 
not, by this token, do a less rigorous assessment of what he believes 
should merit top priority. 

In all research programs, a reasonable long look is needed. Priorities 
should be tough, but large fluctuations in funding over a short time 
base are far harder on good science than hard times themselves. 

V. The Peaceful Uses of Planet Earth 

I would like to close m3 7 paper, already’’ too long, with a brief com- 
ment which I have taken from a book I published last year. 

Right after World War II many people believed that the fearful new 
weapon, the A-bomb, would force man to adopt a true one-world con- 
cept. The prospect of a world armed with nuclear weapons, poised to 
fall from the sky at split-second notice, anywhere over the globe, 
seemed just impossible as a way for rational men. The result was a 
wave of public interest in the notion of world government. Many forms 
of world government were proposed or discussed. Most involved a 
limited form of world government. Most accommodated cultural and 
political diversity. 
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Yet today, few seem optimistic about achieving a world control of 
warfare through a world government. The reality of intercontinental 
ballistic missiles, armed with multiple nuclear warheads, is with us. 

It is only a question of a very short time, as things now progress, till 
a half-dozen nations have the capability to arm themselves for over- 
kill of their potential enemies. 

The threat of war has not created a one-world world. We have not 
taken the steps that many anticipated would strengthen the United 
Nations into a limited world government capable of police action 
against military offenders. And the military budgets of the United 
States and the Soviet Union have grown, through mutual deterrence 
concepts, to huge dimensions that seemed unthinkable in the daj s just 
after World War II. 

Perhaps, now, a new opportunity exists for realizing a world that 
is one. Perhaps the threat of inadvertent world environmental despolia- 
tion will prove a yet-stronger motivation for creation of limited world 
government. Many of the dynamic forces involved are different. For 
one thing, no one deliberately pollutes in order to harm his neighbor. 

He pollutes out of ignorance, or carelessness, or for short-term eco- 
nomic advantage. Mbreover, many nations pollute, not just a few su- 
perpowers. And because of the fact that the air circulates over the whole 
earth, and does so rather quickly, pollution isn’t the concern of just 
the contending super-powers. It falls on all. 

By the next century, I believe, the conservation of the natural 
beauty and hygiene of the abode of man, our common planet, will 
provide a one-world motivation even stronger than the threat of war. 

If the mechanisms of world cooperation mu tore in oidei to bring 
about world environmental management, is it foolish to hope that 
they will be used, as well, to de-fuse the instrumentalities of war? 

I think not! I believe that it is a realistic prospect for man in the 
better world that Century 21 can bring. 
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INTERNATIONAL COOPERATION IN THE 
PHYSICAL SCIENCES 

Abpus Salam 1 

Some 1,150 years ago, Mamoom-ur-Rashid, the fabled Caliph of 
Baghdad, wrote a letter to Leoi the Armenian, Emperor of Bysantium, 
which history has perserved: , , s 

From the Commander of the Faithful to the Qaiserof Rum, 
Salutations, Know ye, that the Holy Prophet of Islam, 

K blessed be his name, enjoined upon us, his followers, two 
sacred duties: acquisition of knowledge and its diffusion. 
Blessings of Allah be upon him, he instructed us : learning is 
the shared heritage of all mankind. He told us, it was the 
partaking of the fruit of the Tree of Knowledge which made 
sons of Adam differ from others of Allah’s creations. In 
accordance with his injunctions, we affirm that ours, as the 
mightiest vice-regency of Allah on earth, owes more than 
any other, the obligation of creating new knowledge. We 
have thus ordained that an observatory be erected at Tadmor 
in the lands of Syria, to determine the inclination of the 
ecliptic, and to construct tables of planets’ motions for com- 
puting the size of the earth. With your kingdom, since the 
1 Prophet’s time, we have differed on religion and disputed on 
territory. But knowledge is our shared heritage So let those 
of your astronomers who will, come freely to Tadmor; they 
shall find the portals of welcome wide open. This site, a 
temple of learning, shall remain holy and inviolable. As an 
earnest of our knowledge-sharing we send you a new work in 
• mathematical sciences, composed at our court, by that serv- 
ant of Allah; ’ Abu Abdalla Musa-al-Khwarizmi, This con- 
' corns a new path he has created' in mathematics; he calls it 
: V| ' Algebra. " ; : : ’ 

History relates that Leon the Armenian, duly received the first-ever 
test of the new science of algebra, he reciprocated by sending to 
M amo on-ur-R asliid a eoIleetiQn qf ancient Greek manuscripts. He 
could send no astronomers to . Tadmor, because, in his dominions the 
state of mathematical knowledge did not go beyond the latest text on 
tlKMisc of t he abacus.' " ".{.'‘^^'[1. ‘ t ^ : 

( A Director, International Centre for Theoretlearphyaics, Trieste,; Italy, ; , ■ 
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My intention in recounting this episode? is not to contrast the state of 
physical sciences in Baghdad and Constantinople at that epoch of his- 
tory, I wish more, to refer to the first part of Mamoon-ur-R ashid 's 
lettoi, where he affirmed that, as ruler of the mightiest empire then on 
earth, he felt it was an obligation, laid on him by the Prophet's injunc- 
tions to encourage creation of new science, to invite for collaboration 
in this pursuit the most talented men he could find, and see that knowl- 
edge thus gathered was open to use for the benefit of all humanity. 

I assume that the Committee's invitation to me to speak here 
springs from the same urge. The United States is today the greatest 
power on earth. Its national income is one-third of the world’s total. 
It harbors within its confines some 40 percent of the world’s scientific 
community. It is right and proper that the mantle of the Caliph 
Mamoon-ur-R ashid should fall upon it; both in respect of encouraging 
the creation of new knowledge and in taking a load in making possible 
international collaboration in this pursuit. 

My talk will have two themes: First, the need, in this age of rising 
cost of research in physical sciences, for international collaboration* 
this, to secure the optimal use of expensive tools of research — the best 
that humanity can provide- — by the most talented people, irrespective 
of where these men come fro m - 

And for this purpose I would like the creation soon of a World 
Science Policy Council for Basic Sciences. 

Second, collaboration among all nations, designed to use existing 
science for the benefit of all humanity; and particularly developing 
humanity. This second part of my talk is broader than collaboration 
just in physical sciences, though I shall limit my remarks to this type 
of collaboration. This is to be fair to the physicists on whose part 
I talk. 

I shall be particularly concerned with the as yet vaguely appre- 
hended moral obligation of the international scientific community and 
its sponsors, toward building up of strong indigenous scientific com- 
munities in developing countries, so that these too can participate 
fully in the scientific and technological revolution of modern times, I 
shall be concerned particularly with the instrumentalities of collabora- 
tion, the world science policy for basic sciences I mentioned before; 
proposed international centers for research, both within and without 
the United Nations system; and finally the visionary ideal of one or 
more postgraduate science universities, internationally run. 

To turn to my first theme, even though the whole history of science 
is a history of one civilization building on the science of another— 
Islamic science building on the Greek; European science on the 
Islamic it remains a fact that, barring the rare instances like those 
at Tadmor which I recounted just now in the ninth century, direct 
international collaboration and participation in one and the same 
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scientific project is something of recent origin— possibly even a 20th- 
century phenomenon. 

In physical sciences this has taken four forms : 

1. The organization of global and international studies by the inter- 
national scientific unions and the scientific agencies of the United 
Nations — I have in mind international programs like the Inter- 
national Geophysical Year. 

2. Exchange agreements between academies, universities, and other 
institutions, international congresses, international summer and winter 
schools. 

3. Organization of international laboratories and institutes in 
physical .sciences like the laboratories of the European Nuclear 
Research Organization at Geneva or the nuclear laboratories at 
Dubna or, in a different category, the International Center for 
Theoretical Physics. 

4. Finally there is the beginning of the collaboration in space 
research between NASA and European space research organizations. 

I shall not take the panel’s time in discussing in detail the working 
of the various instrumentalities of scientific collaboration like the 
International Center for Theoretical Physics at Trieste. 

By and large, they have been most effective wit hi n the Western 
European or the U.3. context— less so when they have involved East- 
ern Europe or the developing countries. I shall, however, take time to 
be fair to my own community of physicists to speak of a need for 
serious— and early — consideration for collaboration in big science and 
costly science; a subject which did not, unfortunately, figure in the 
speech of the Secretary of State. As two examples of the fields I have 
in mind, I shall speak of research in thermonuclear physics and my 
own discipline— high energy physics. 

Consider thermonuclear physics first. There is no question whatso- 
ever that man’s eventual energy source is going to be provided by the 
harnessing of the fusion reaction; by creating on earth the controlled 
conditions similar to those by which stars pour out their power. Our 
fossil fuel reserves are nonrenewable. If the whole world used them at 
the rate this country does, as the Secretary of State reminded us this 
morning, they would not last more than a few decades. And the present 
generation of nuclear fission reactors are dirty, degrading environ- 
mentally. Controlled fusion offers the final hope of clean, illimitable 
energy production, lasting so long as the deuterium in the oceans 
does. 

All advanced nations are deeply interested. There is research work 
going on in the United States, U.S.S.R., Germany, United Kingdom, 
France. Most is unclassified; most is costly; each experimental device 
costs a hundred or more mill ion dollars. With the Russian Tokamak, 
there is hope that commercial thermonuclear reactors may not take 
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longer than 20 years to build, if research efforts of the nations— the 
talents of their best men — were more consciously pooled. 

This is an obvious case for international collaboration. This collab- 
oration does exist— -but only at the normal low-key scientific visits, 
and joint-seminar level. There is desire for more by those working in 
the field. But there are no modalities. 

The only long-range collaboration that has taken place were the two. 
workshops, one a year long, the other lasting four months, which my 
Center— the International Center for Theoretical Physics— was able 
to organize, and where 30 to 40 of the most talented United States, 
U.S.S.R., an d West German theoretical plasma physicists met and 
worked together. At a panel meeting held last year at Trieste under the 
auspices of the International Atomic Energy Agency, the most en- 
thusiastic plea for collaborative research came— not from the West- 
hut from the Russian delegate— the renowned physicist Prof, Lev 
Arst irn ovitch , At least I felt there was need for greater reciprocation— 
from the Western side also. 

Thermonuclear physics is a field where pure and applied physics 
join hands. Consider now the two frontier subjects of astrophysics 
and physics particles. 

Since Miirnoon-ur- Rashid’s time— and indeed from times still ear- 
lier— the two frontiers of physical sciences man has been exploring are 
the large distance frontier, at present lying at quasar distances of the 
order of 10 +u oms,, and the small distance frontier deep inside the 
hearts of nuclei, at 10 -14 oms. When Mamoon-ur-Rashid spoke of 
man’s chief glory being the tasting of the Tree of Knowledge, he was 
referring to exploration by his astronomers on one of these two 
frontiers. 

Now as man has pushed his exploration further, the costs of doing 
this have proportionately increased. Radio and other telescopes to 
scan distant stars cost tens of millions of dollars; high energy accel- 
erators needed to produce energetic particles probing deep inside nu- 
clear matter cost hundreds of millions of dollars. The most powerful 
accelerator now being built— the 300 to 500 billion electron volt accel- 
erator at Batavia in Illinois —will have cost some $300 mil lion over 
5 years of its construction with running costs of an experimental facil- 
ity coming to around $60 million a year. 

These axe large sums of money to spend on what in the foreseeable 
future is no more than curiosity-oriented pure research, with at pres- 
ent the aim of glorifying of the human spirit. In GNP terms they 
compare with the sums the Middle Ages spent on their cathedrals 
erected to the glory of God, As one coming from the developing world, 
and one who speaks passionately on their behalf, I am frequently 
asked: Would I nbt like to see these sums diverted, for example, to 
their needs? : •' : ' • ' '• • • • • • • • ; ; 
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There is no doubt that I would like to see some hundreds of mil- 
lions of dollars added to the 2 billions: at present given in aid and 
loans to the developing world by this country. But I would most 
emphatically not like to see these sums made available from the pure 
science budgets. There are at present some $200 billion spent annually 
on humanity’s behalf by those who run our affairs in an apocalyptic 
arms race — spent mainly to nullify the arms of one nation against 
another. 

It is these budgets that I am hoping will one day be made available 
for world development, not the relatively meager pure science budgets 
which great countries like this can and must set aside — as Mamoon- 
ur-Kashid did to search for the great syntheses of truth, which pure 
science vouches and which technologically and otherwise determine 
the ultimate fabric of our human civilization. 

In saying this I am being ungracious. The needs of the frontier 
disciplines in physical sciences have hitherto been generously provided 
for by the governments of the United States, U.S.S.R., and Western 
Europe, developing their national or group programs of research. Time, 
however, has come, on sheer cost, of size and scale, to consider well- 
knit international collaboration. 

International collaboration in this field is not a new idea. It was 
first semiofficially proposed in 1960 by Mr. John McCone, then 
Chairman of AEG. This speech — 10 years ago — led to a number of 
meetings under the sponsorship of the International Atomic Energy 
Agency with plans for a thousand billion electron volt international 
accelerator. Events have, however, overtaken (hose past initiatives 
with the emerging superconducting technology, the attainment of this 
energy is a definite possibility already at the U,5, national accelerator 
at Batavia. With this energy we shall explore the nuclear strata down 
to 10“ 16 cms. 

But since the bedrock strata of particle physics are not likely to be 
reached— I am here using the language of our physicist colleagues 
in mainland China who have invented the terminology to describe 
t h is type of phenomena— We must contemplate 3,000 Bev or even 
10,000 Bev accelerators. I spoke a short while back of great ayn theses of 
fundamental sciences. The last great syntheses were the unification 
of space and time, and the explanation of structure of terrestrial and 
stellar matter in terms of quantum theory and the four fundamental 
forces of matter. -v ' < ? t 

The next synthesis which I personally believe is coming— and in 
my personal view, already is on the horizon— is the syntheses of these 
four forces themselves— of gravity, nuclear physics and electromag- 
netism— the synthesis which Einstein dreamt of and failed to discover. 
In my view he failed for a simple reason. He did not live long enough 
to know that among the nuclear • particles discovered by the Brook*- 
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haven accelerator is a particle with idei ical quantum numbers as 
the graviton, the so-called F-meson. The nuclear force transmitted by 
F-mosons is identical with gravity, except that it is IG“ 44 times 
stronger. 

Nuclear physics is strong gravity. Inside nuclear particles are 
regions of strongly curved space and time. Inside these particles, one 
may realize states of strong gravitational collapse— the black holes, 
so called, which Dr. Whipple and his colleagues may or may not find 
in the nuclei of galaxies. The microcosmos inside nucleons, in my view, 
mirrors exactly the macrocosmos of astronomy. To see if this syn- 
thesis exists we shall need higher energy accelerators. 

It is at these energies that Mr. McCone’s idea and his proposal for 
setting up of international accelerators needs reviving. An accelerator 
of energies of 5,000 Bev or higher— designed for the decade of the 
eighties — -may cost several billion dollars to construct, spread over 
some 5 to 10 years. Its operating costs may be in the neighborhood of 
$200 million a year, roughly in the same order of magnitude as an 
international organization like WHO. 

At costs like this, there is clearly need to share these between the 
West, the East, between United States, between Japan, and perhaps 
nationally between the developing countries. And to study the 
problem of such a collaboration there is need for the setting up of 
what I would call a world science policy council— & nongovernmental, 
small, but authoritative body of active scientists, covering eventually 
all pure science-— but in the first instance, making recommendations 
in respect of worldwide collaboration in the high-cost frontier physical 
sciences I have mentioned. 

Among its coordinating and recommendatory mandate could also 
be included another class of frontier experiments concerned, for ex- 
ample, with various types of cosmic radiations, including neutrinos 
and gravitation. The detection of such radiation is difficult. It requires 
construction of large equipment, with its location optimized at the 
scale of the whole earth— deep mines, high mountains, worldwide 
coincidence between widely separated detection devices. 

The cost of these experiments is not high— a few million dollars at 
moat— but it is the necessity to use almost the whole earth for detec- 
tion which makes international collaboration such a prime essential 
for the success of these experiments. 

There are some who feel dismay that science, pure science, should 
have become so costly, that its cost should transcend what one indi- 
vidual nation, even the wealthiest, could hope to afford. I am afraid 
I do not share this dismay. On the contrary, if one considers the future 
of humanity, confined on a small globe, interdependent as never before, 
living off a limited biosphere, which until recently we have exploited 
with no thought either for our neighbors or for our children, if we 
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consider that we also possess technological competence capable of 
providing plenty on a planetary scale if we were not hampered by the 
deadweight of our preatomie and preglobal traditions— if you re- 
member all this, one should rejoice in costly science, rather than feel 
dismay. 

Together with the problem of environment— which again very 
happily will admit of none but global solutions, big science and the 
need for collaboration in its pursuit are some of the best things that 
could have happened. The venues for collaboration which we shall 
develop, the modalities and experience we shall gain, shall hopefully 
be used elsewhere. 

I hope very much that the setting up of a world science policy 
council is not long delayed. And this brings me to the second part of 
my talk, and that is the need to associate with any collaborative efforts 
the developing countries as full partners. 

If past tradition is followed, ! whenever one speaks ! of scientific 
collaboration, one has had m mind the West, the East and possibly 
Japan, One has tended to leave out almost completely the third 
world — the two-thirds of the human family. Now, this is something, 
as you remarked, Mr, Chairman, which I have been fighting against 
in my humble way for the past 10 years, and with your permission, I 
would like to briefly speak to this, '■ ,: * * • . .. 

I shall start my remarks with the subject I know best-theoretical 
physics. Theoretical physics is one of those advanced frontier disci- 
plines where decisive breakthroughs have come in recent times not 
only from physicists of the West, East, and Japan, but also from 
those from some of the developing countries such as Brazil, Inc », 
Israel, Argentina, Lebanon, Pakistan, Korea, Turkey, and others. 

Those who made these contributions received their training and, by 
and large, did their best work in the developed countries. This is, of 
course, not something peculiar to theoretical physics ; almost every 
scientific discipline has in the recent past received front-ranking con- 
tributions from men from developing countries. ! ; 

■What distinguishes theoretical physics, however, is that m addition 
to these first rankers, there are in a fair number of developing coun- 
tries sizable, potentially self-sustaining communities of 5 theoretical 
physicists who could set up viable centers of research in their own 
countries if they had the right conditions for flourishing. > * ; 

One of the major reasons why such communities do not flourish is 
related to the unfortunate fact* that geographically most developing 
countries are far from those which are scientifically active. The result 
is that these communities remain isolated. The greatest enemy of crea- 
tivity for those living in developing countries is their isolation. If 
acti re physicists working in the developing countries could come fre- 
quently to advanced centers,' not to stay permanently, but to renew 
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their contacts and go back refreshed after a period of concentrated 
research , this would solve perhaps the most frustrating problem ham- 
pering the growth of indigenous scientific communities hi these 
countries. 

My thesis is that the provision of such contacts is the responsibility 
of the world’s scientific community and its sponsors. It was to provide 
such contacts in an organized manner that we conceived the idea of 
setting up an international center for theoretical physics under United 
Nations auspices. 

The idea of setting up such a center was in some degree sparked oft 
by Mr, McCone’s speech , which I mentioned earlier. Reflecting on hi 8 
speech, one felt that it may he some time before collaborative inter- 
national experimental accelerator laboratories could be set up. How- 
ever, it might be possible to start with something more modest, for 
example, a truly international center for theoretical physics. 

In September of 1960, I had the privilege of attending the General 
Conference of the International Atomic Energy Agency as the dele- 
gate from my country. With the cosponsorship of the Governments of 
Afghanistan, the Federal Republic of Germany, Iran, Japan, the 
Philippines, .Portugal, Thailand, and Turkey, we introduced a resolu- 
tion on behalf of the Pakistan Government suggesting the setting up 
of a theoretical physics center under the auspices of the IAEA. In 
consonance with the standard United Nations practice, the resolution 
started with a preamble which stressed the unique virtues of theoreti- 
cal physics for peace, prosperity, and, health of mankind. 

It took us 4 years of very intense effort to get the Board of Governors 
of IAEA to set up such a center for a trial period- of 4 years. This 
finished in 1968. The Center’s life has been extended for a further 
6 years, with UNESCO joining hands as full partner with the IAEA 
in financing and running the Center from 1970, 

The, Center receives as visitors, leading physicists— in principle from 
100, but in practice from around 60 nations— 40 of them developing 
These men come to work on their own research problems in the milieu 
which they themselves create. In this, the Center does not differ from 
any other, research institute in theoretical physics. It does differ, how- 
ever, in two important respects, from normal institutes. 

First, being a. United Nations institute, its. operation is fully 
supported— and this is an important point to remember— fully sup- 
ported and sponsored by Eastern Europe and it is not affected by the 
day-to-day political temperatures of the world. In fact, we have special 
federation agreements which, really function with institutes throughout 
Eastern Eun oe. The Center is perhaps the only research institute 
where, as I mentioned before, even in a sensitive subject like plasma 
physics, we can bring together teams of leading people from the East 
and the West to meet for a year or more without any worries about the 
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political sensitivities which normal collaboration of this type usually 
entails. 

Second, the Center is distinguished by the easy formality with which 
it arranges long-term contacts of physicists from developing countries. 
To break the barrier of their isolation, the Center has pioneered what 
it calls an as’ociateship scheme. I shall describe it, for I believe it 
possesses wider applications outside the Trieste Center. . 

An associate, in our terminology, is a physicist working in a develop- 
ing country who is simultaneously a member of the Center's staff. 
Once elected, he can come to the Center every year for a period ranging 
from 6 to 12 weeks, with no formalities except a letter announcing his 
arrival, With a generous grant from the Ford Foundation, the Center 
pays the associate's fare and his expenses at Trieste. We have of the 
order of 65 associates at the present time. If I could have money for 
200, t his would cover any theoretical physicist of any standing who 
should he associated with the Center in an * respect. 

The associateship lasts for 3 to 5 years and is renewable. The inten- 
tion is to try to cover all top active men in the developing world and 
to give them this financially guaranteed possibility of remaining in 
touch with other leading men hi their subjects. The crucial feature of 
the scheme is the stability of the 3 to 6 years which it provides for a 
leading man in a developing university to plan his work and career. 
The one important prerequisite for remaining an associate is that 9 
months of the year must be spent in the developing country itself. 

There is nothing special about theoretical physios so far as schemes 
like assooiateships are concerned. There is no reason, why other insti- 
tutes in other sciences <may not start similar schemes to ours to end 
the problem of scientific isolation. Every university in the Western 
world could do this— -five to 10 associates in any subject— ending once 
and for aU the problem of isolation of scientists from developing coun- 
tries— •which in my view is the major reason for brain drain. 

The United. Nations Advisory Committee, at a session in New York 
3 years ago, took the initiative to convene a meeting of the XJ.S. uni- 
versity presidents and heads of U ,3, private foundations to set up, in 
conjunction with the IJ.S. National Academy of Sciences- and the 
Canadian Research Council, a scheme catering in this manner for be- 
tween 200 and 300 scientists in alL subjects. , ; 

I believe the Canadian Research Council has already started its 
scheme of associateships or dual appointments of those leading men 
who have in the past received their research training in Canada, The 
IJ.S. action, however, was hampered by there being no funds of the 
order of a mil lion dollars or so at the disposal either of the National 
Science Foundation or the National Academy of Sciences to finance 
such an. anti-brain-drain device. - . , ; . . , 
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I am frequently asked, I am speaking Here of pure science-— I have 
been speaking in particular of theoretical solid-state, high-energy, 
plasma and nuclear physics— these are the Rolls Royoes of the 
sciences— the question is often raised: Are not these pure sciences, and 
the tirge to create them luxuries so far as developing countries 
are concerned? 

My answer is “No,” and I would like to go into this for a few 
min utes. 

The shape of the human community, our modern mode and organi- 
zation of life, is so much a product of modern science and technology 
that science, and particularly technology, is the concern of every one 
of us — whether he comes from a developed of developing country. 
Take my Country, Pakistan, as an example, 

Pakistan has few natural resources. On present level of pros- 
pecting it possesses no metals, no minerals, very little oil. Our major 
resources . are three : (1) natural gas; (2) rich alluvial soil, provided 
it can be irrigated in West Pakistan and protected from floods in 
East* (3) abundant man-power, pfovided it is skilled. These skills 
include agricultural, technological, commercial arid; managerial skills 
needing high Mteracy, in sciences, in Engineering hi Mathematics. 
Highly skilled man-power is needed for (a) protecting tlic‘ count ry’s 
territorial integrity; (b) for ensuring agricultural plenty* (c) for all 
m anu f acturin g— in fack for : ensuring any’ soft of honourable existence 
for Pakistan' m the modern techholbgicaUy competitive world. 

The abundance of agricultural nohes which our 'soil’s' bounty pro- 
vides us in West Pakistan owes its origin to the superb irrigation sys- 
tem— the largest in the world, irrigating some' 23 million acres 'which 
the British left us as a ’legacy of 19th century dam-building tech- 
nology. Our burgeoning population is a direct result of 'the antibiotic 
revolution— the ‘ antibiotic teehriqlogy of 1 the postwar period ; ‘our 
3-year-old self-sufficiency in food is the result Of the green revolution— 
inaugurated by Erl Boflaug‘* arid bis’ cdUeaguesi— arid 1 s fertilizer 

techrioidgy,' : ! ‘ ; \“ 

•- FmaUy, for eOlvirig the most pressing problem of Pakistan— that is, 
for limitin g our population— -avo 'are 1 waiting for developments in ste- 
roid technology- specifically for developments which will bring d own 
the cost of contraceptive pills from $1 a* month 'to 5 cents a month arid 
then it will be possible td distfibute them so they are effective in' bring- 
jng about a real population control which, everybody talks about, but 
doesn't put his' finger on the real problem, which is simply the cost of 
' non true op tive technology. Being so specific, it is completely out of 
reach of the mass of pebple iri Pakistari. ‘ 1 

In the last analysis, technology, ultramodern technology, science, 
latest science, affects the humblest worker in Pakistan as much as a 
citizen of this great country. The time lag in the making of a relevant 
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technical advance and its application is a matter not even of months, 
but of years, ; ; . 

Now this would seem to argue against my thesis— ~ that developing 
countries need more science-— that by suitable, mechanisms then* first- 
rate scientists — -and these exist— should be made equal partners in 
international scientific collaborations. On the basis of what I said about 



t echnology, one could well take the attitude that all that our countries 
need is imported technology— the know-how itself and the training in 
how to utilize it. 

. .Unfortunately things are not that simple. The truth is that no 
amount of imported technology without very strong indigenous back- 
ing- — as for example was assiduously cultivated by the Japanese 
sock :y— will lead to a long-term solution of the problem of under de- 
velopment. The developing world has been importing black box 
technology for at least half a century. If anything, this has magnified 
their underdevelopment. , 

. , Technology, in order to get assimilated into the fabric of a society 
and in order to become part of its tradition, needs a strong local base 
of scientific knowledge and skills. Before a true technological revolu- 
tion can come about, this base will have to be created. And in another 
ropm, perhaps, I believe Prof. Odhiambo will be pleading for the same 
thing. . , , , • ....... . . ; . ■ . ■ . / 

And for the creation of this base, for the creation of the instinct of 
what is credible and what is not, %vhat is scientifically and technologi- 
cally genuine and what is deceptive, there is nothing as potent as the 
direct, experience of living science — -living in one’s own conditions and 
environment, and flourishing within one’s own , cultural tradition. 

We do need within our countries men who have the profoundest 
scientific, profoundest technological comprehension of what we tech- 
nologically import. And just to support this class of man, a country 
like Pakistan; needs sqme first-rate basic science — and, men who create 
it-— in its universities. . ; i , ; . 

i.Tp get the scale right, there are some 2,000, creative mathematicians, 
in the Unitedi States; Pakistan’s population is, half ; the U.Si size; its 
income is one-hundredth of the United States. On the first basis, we 



should target at a thousand research mathematicians; on the second 
criteriom our, target :shqnld be 20. ( ; t , t \. .. ,, ... r \ ,-, p: 

Pakistan’s. present, score is two, and .this for a. total population of 
some 120 pai^pn. i'iph.ese ^arps the, men, who between , them, range oyer 
for us. the ^ntire gamut of mathematical knowledge— computing, ad- 
vanced mathematics, advanced. hyd?pdy n a^i cs n ^®4 e 4.rfpr engi- 
neering,] ail . science, all, oceanographic . studies, all cyclone , warnings, , 

W?.*io‘i ml > ui yn v d-VjUVj/m in'! -dm /.»’?. kin mo" ! Ut!.; 

How to produce men of the type I have described if^Pa^ti^7rr,ailH 5 

elsewhere in developing countries— how to keep them there and how 
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to keep them creative, even though they form very small groups? This 
is the problem whose solution I would like to see the international 
scientific community and its sponsors take upon themselves as their 
charge, I believe it can be solved by international scientific collabora- 
tion perhaps in the manner in which we have tried to solve it in 
Trieste, 



To my mind, there is no escape from the founding of one or more 
international universities for coping with this and like problems in 
the manner of the Trieste Centre, That 25 years after the founding of 
the United N ations we are still nowhere near foundation of a United 



Nations International University is no tribute to the world's academic 
community, 

I am thinking particularly of a postgraduate scientific university. 
Fortunately a design for a gradually evolving university could be 
imagined, with which one could link the assooiateship idea I described 
earlier. 

One may envisage the creation of a world federation of existing 
international institutes for advanced study which may constitute a 
first step towards achievement in the future of the bigger ideal of a 
full fledged world university. The essential element of the plan would 
be to identify presently existing research institutions in the United 
States, in Western Europe, in Eastern Europe and even in the devel- 
oping world which are already international in character and to 
strengthen the international aspects of their program. All such institu- 
tions may pledge themselves to make their faculties as international as 
possible, within their charters, reserving perhaps 20-25 percent of 
then* resources and facilities toward supporting the work of high- 
grade scholars from developing countries and from countries of other 
political complexions, through dual appointments ol* other devices. 

As I said earlier, in t im e this Federation of Centres of Excellence 
would become the nucleus of the World University I* have been speak- 
ing about, I k now the Soviet Academy of Sciences is in favor of the 



federation idea, as indeed are a number of first-rate institutes around 
the world. What is needed also is an indication from the side of the' 
West, 



Finally X shall mention just one more initiative which could have 
enormous potential in raising the level of scientific research in de- 
veloping countries. In this country, a large proportion of postgraduate 
research in the universities is supported by grants from the National 
Science Foundation, Atomic Energy Commission and similar bodies. 

’ I do not know the precise figure for such grants here, but I dp know 
that in the United Kingdom s^ine $100 million are thus made avail- 



able from public funds for university research in the form of grants 
td individual 5 scientists. _ . ; ■; " 
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Unhappily in most developing countries this type of support is un- 
known, mostly through lack of resources. In Pakistan, for example 

1 o?uni ver-tti ^ ^ for s <“c ™se^ch to all tie 

doll»« mn nmou " ts t0 n .° more tha 'i three-quarters of a million 

needs Tli Br !\ are no f nte ™ atlonal agencies at present to cater to such 
needs. The aid organization of the United States has never had it in 

itsYmandafo to help pure science or even technologically oriented 
science in the countries it operates in. r e ect 

n Jw! UNI>P has ’, sinee la st year, set aside $3 million annually for such 

UNESrn~ SO lT4WA Per0 D nt r° f itS resouroes > still not a vast sum. 
UNESCO and IAEA, as Professor Buzzati-Traverso will tell you are 

;ZZ or S an toations, they are small, ill supported by the’ big 

This leaves the great U.S. private foundations, Ford and Rocke- 
feller, who do a superb job, in the context however of help to larger 

vesSor 16 ,S "° ° ne l0 ° king aftW th6 ne6ds 0f the P sfoaU im 

Together with Professors Marshak, Auger, and Rover Revelle we 

proposed at the United Nations Adyi S ory <, Committe^eerinro?’laIt 

thTsam an International Science Foundation should be set up with 

thh com 6 V k A aS ’ ° r example > ‘He National Science Foundation in 
this cou.n.y Assuming some $5 million were available annually the 

International Foundation may function through a series of national 

subcommittees making individual grants, like the NSF 

grant litfovlTw 8 ^ Z Int f na «°nal Science Foundation as a email 
Iwilfb. b y ’ C u ng lts activities to developing countries only. 

It will be a nongovernmental organization; on its board there would 
be representation of the world academies, 

Gould this Foundation take over other roles, like for exan-mln 
chartering world science policy in respect of international' collabora- 
tion m its general aspects? There is need for such an organization as I 
suggested in the first part of my talk. ' ! as 1 

To summarize what I have said; 

tion fo h6 nb iS ne ? a f “ r ter (“ nds t0 bs m4de available for eoUabord- 
‘r 'j ,n p, yslcal sciences— Other speakers will doubtlessly speak of 
of the need in their own sciences; I have pleaded for tty own subject— 

hfeBd f ° r advance ‘inking tot the decade 
of the eighties. For this we need group planning, and one hopes this 
great country in that respect will take a lead. 

_ 2. There is need of recognition that in all cbllaboration in science 

ose from developing countries need to be treated as equdl pirtnere. 

3. There is urgent need for setting aside for direct international co- 
operation funds to cover the U.S. contributions to the setting up of 

FouuTp° naI the World University, the International Science 

Foundation and other such initiatives. 
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4, There is need to strengthen the U.N. Agencies dealing with sci- 
ence; the United Nations, that much maligned organization, is the one 
place where the entire family of Man meets to discuss and plan hu- 
manity’s future on the basis of equality, and this is something from the 
developing countries and from the Bast which is prized very, very 
highly, : ' : ... I . 

I started my talk by recounting one international endeavor in pure 
science, I shall end by recounting one more. This relates to the condi- 
tions of developing countries. 

Seven hundred and fifty years ago, an impoverished Scotsman left 
his native glens to travel south to Toledo in Spain. His name was 
Michael, his goal to live and , work at the Arab universities of Toledo 
and Cordova, where the greatest of Jewish scholars, Moses Ben 
Maimoun, had taught a generation before. r 

Michael reached Toledo in 1217. Hii interests lay in the sciences of 
astrology and alchemy, then fashionable in Scotland, But once in 
Toledo, Michael formed the ambitious project of introducing Aristotle 
to Latin Europe, translating not from the original Greek, which he 
did not know, but from the Arabic translation taught in Spam, 

Toledo’s school, representing as it did the finest synthesis of Arabic, 
Greek, Latin and Hebrew scholarship, was one of the most memorable 
of international essays hi to scientific collaboration. To Toledo and 
Cordova came scholars, n< t. only from the rich countries of the East 
like Syria and Egypt, but also from developing lauds of the West like 
Scotland. , , ... ; ; 

Then as now, there were obstacles to this international scientific con- 
course. First, there was the political division of the world. In 1217 the 
wounds of the Third Crusade, fought barely 80 years before, were 
still; not healed. And then there was the economic and intellectual dis- 
parity between different parts of the world. 

i Men like Michael the Scot and his contemporary in Toledo, Alfred 
the Englishman, were singularities j they did not represent any flour- 
ishing schools of research in their own countries. With all the best 
will in the world, their teachers at Toledo doubted the wisdom and 
value of training them for advanced scientific, research. At least one 
of his masters counseled young Michael to go back to , the clipping of 
sheep and weaving of woolen cloth. Fortunately for the future of 
Western humanity, I am .yery glad Mich ael did not. | , , , _ _ , . ; 

There are some practical problemsi in trying to start such a thing 
as an International Science Foundation, not from the standpoint, of 
rich countries, but from, the standpoint of the poor ones. 

My own feeling is that w© could probably get over the^o difficulties. 
First of all there is the problem of getting the Pakistan government 
to look after; its own scientists. The, 12 universities of Pakistan are 

.-••M * ^ ,-f ■' W,‘i h s J !-i‘. ’.J 





54 










■ ,:UV 




-'1 



"m 








lABDTTS SALAM 




at the moment budgeted at three quarters of a million dollars for the 
entire scientific research program. 

I have no doubt whatsoever this won’t be changed in the near fore- 
seeable future. People are not convinced. 

Persuading the Pakistan government to increase the three-quarters 
of a mil lion dollars to $3 million is not going to happen. It is an un- 
fortunate fact. Scientific research is considered peripheral. 

One big problem is red tape. At The Centre in Trieste, which is a 
U.N. operation, we have this problem. Those of you who are familiar 
with the U.N, operations know very well the routing that the U.N. 
documents have to have. 

For example, for my fellowships, the procedure is the two director 
generals, one of IAEA, and one of UNESCO. They are jealous. I 
can’t sign the document which goes out announcing these fellowships. 
They must sign it. It takes about a month to get one of them to sign. 
Anyhow, it is signed. 

Then it is sent to the Government. It resides in the Atomic Energy 
Commission in one case and sometimes never gets to the university. 
If somebody gets one of these fellowships, he is supposed to get these 
commissions to agree to send the application to us and then we have 
to go to Vienna or Paris to make a selection. A large panel sits for the 
award of ten fellowships. Twenty people are involved, and then it 
goes back through the same routes to the government and so on. We 
follow that rigorously. United Nations procedures, incidentally, are 
decreed by the foreign offices of the countries concerned. It is not the 
U.N. that is responsible, it is the foreign office. This is followed. 

But we have found ways of cutting it completely. We bring in 800 
copies of the announcement before it is signed. We send it on our 
own initiative to all the unvieraities concerned. We ask all the appli- 
cants to send in two copies, one straight to Trieste, and one to Vienna. 
From that long list we make the selection and inform all the people 
half a month after we have received the application. 

We devised the following formula, the government is informed that 
the international center chooses to confer the privilege and honor on 
such and such a national of their country; if within 10 days we do 
not hear a “No” from the government, the thing will be awarded. Now 
this can be done. 

We are doing it. Only one government objected. We took no notice. 
No heavens have fallen. This includes some of the Eastern Europeans, 
some of the tough countries. I have no doubt that between us we shall 
find some mechanism even to deal with Russia; if v/-‘ find the country 
tough, I have no fear. 
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new MECHANISMS FOR SCIENTIFir 

IN THE FUTURE * C COOPERA TION 



Viktor A, Ambartsumian 1 
X appreciate very ranch fi, 0 ___ . 

PI T^:,^ f r ati011 “' sei « nt ifi°o<K»p‘™Won Pettk b6f ° re 70,1 011 the 
very oomplicated'proE.T^p! “‘’onTyV* "u” 6 * ime a "“7. 

Sh f ^uaUy progres o f °^ *■!“ ?* h °P s th “ « 
I represent the International lon the situation before us. 
understand that the IntenaSoL? o" 0 '' °/ U ““ns. You 

simply JCSU, considers the problem of heti ■ Scienti6c Unions, or 
cooperation as its most important test scientific 
Which it is called into existence “ Sk ™ d as tho nmjor problem for 
•* ' u know that XCSTJ is n„, k- 

tion of scientists. It is a real wuonT™ ""“-governmental organisa- 
the Astronomical Union or tho ivr al . scientific unions, such as 
national Union of Pute a!nd A™li^ U T D ’ OT the 

We have 16 such member u£ y ' “ d otbers - 

time, among its members, ICSU coun^ ™ U ” C1 ’ and at the same 
countries are represented by the coiresnomfi 7 coun ‘ nes - Ti ‘e member 
or the research councils. And of course Si® « ea domies ol sciences, 
national scientific cooperations are verv £ ? r °“ ems of ‘he inter- 

operation has great si^ificance C thh dt S ° ientific d ° : 

a whole. Of coume, science as a "hole ° f the scie ““ as 

cooperation, but everybo.lv w*, that^i A mU ° h from such 
development of scienco for an ' * * also bl 'mgs profits for the 

countries and the countries whidi^owde^’ ^ both for developed 

It is equally profitable for the 0 ounW d -M e f?' ng - . 

1 and for countries which at the mom ei "nth high scientific poteii- 
Therefore, we musUgm e iha^ ^ 

, . * 8 . a Progressive factor in tile lif a of h >! lnnUl ''Acndlic coufjera- 
which is against it, every factor wh.Vh f h “ mamt y- And everything 
is of course to be evaluated as r a nethitive^t * 38 SUCl1 COo P 6 ‘ a tiQn, 
pensions, . ationa , disorimfnations for example, political 
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tt the other side, we know that the cooperation in science brings, 
result, good relations between scientists, and in this way it helps 
ring understanding among the nations, among the peoples of t e 

d 

; old times, let us take the 18th century, there were n^diffieult^s 
iternational scientific cooperation,;- It yreally existed, when the 
ice was concentrated in several, mostly European, academic., 
sufficient to write scientific letters to each other, and exchange re 
lications; this was sufficient for the science of that fROch. , . 

ut now, the problem is much more complicated, owing first to the 
that science has spread over many, many countries, There are 
lv many countries whose scientific potential is very large. At 
same time, science itself ha^diyersified ; it. has many new branchy, 
really, at any given moment, we. can say that -new branc ies o 
nee are coming into existence. Therefore,, the problem is Tory com- 
ated, since almost in every case, whenever you arc making any step 

ard interiuitioiial sdentific cooperation, you ineet muludisciphnaiy 

u'the present state of this cooper atioh, we ^ implementing h,^ 
ional cooperation, by means of the so-called interriatmnalsciontific 
ons, which, of courseware very, effective. Some qf them espe- 

l y cf r cct> ive ’^larticnlarly in the fundamental sciences, I speak 

av mostly about the fundamental sciences. . • s i ;■ ;..i: 

ftwtSK the fundamental sciences, I can say that ,the cx.stmg 
ons do magnificent work. There are some examples of such unioms. 
the union to. which I .personally, belong; 

,y m ,rk very well, implementing the ideal, of .scientific cooperation 
Aveen the countries', between the astronomers of the wor . . 

However, as I have said, we have the problems of cooperation m, tb« 

erdisciplinary field. These probleins are 5 ? ec “t A- > the 

SU since 1CSU is the union of urnons,, It is responsible *°t the 
ranization of international activity in such intera^ciphnary. fidds, 
It is a very happy situation that the Academies of Sc f ences^of diff ei- 
t countries arcmembers of the .International Council .of Science 
lions This helps in, organizing thp pork uruu.pl some mtcrdisciph T 

TCSTMrnsInitiatcd a large number of programs which are well 
own For example, we lied a. successful program fop the^Interna- 
>nal Geophysical Yeariye had, a program of fhpM^naU°pal Y?g 
tho Quiet Sun; we have now— it is in final st age— thp Internaticnal 
ologicid Program, the first maipr .program in ^ ,ol yy ) A ^.^' v l 'p 
ive entered into' the' Global, 

gether with the World Meteorological Organization, will embarlt 
I studiefyl thti ^ ^ 

1 ; : . 
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Of course, the problems of environment are very important practi- 
cally, but’ we take the responsibility only for the scientific side, trying 
to solve the scientific problems of monitoring and methods of work. 

Now* a special committee oh the environment is organized, and in 
many countries, ‘we have already national committees, who help with 
this international' effort. We can hope that in this program,’ we will be 
as effective and efficient as we were in other programs. 

I shall mention here 1 also a very important program about the pos- 
sibility 4 of a world system of scientific information. The study of the 
possibility of such undertaking was made by ICSTJ, together with 
UNESCO, and this whole study was headed by Professor Harrison 
Brown of Cal-Tech, who is present here. This study has brought very 
Substantial results. And we think that now we can hope that such a 
program, such ah undertaking, will be implemented, and that we shall 
have cooperation in building a world system of information. ' 

I mentioned this study of the 'possibility or the feasibility of the 
world information system, not only as an example of a piece o >rk 
which is done by ICSU, but also to tell you that the study has been 
planned and that the people who worked on it are trying 1 to find the 
optimal soul tiOn of this problem. 

In the case of the general problem of ' international scientific coop- 
eration, 1 of course, no such study, before the beginning Of- the coopera- 
tion^ has been made. We scientists are pragma tie. As I have told you, 
our predecessors started with international cooperation in science, in 
very old times, and while we are gradually changing the'forms, mostly 
we are going in a very pragmatic way. But perhaps this way, this 
method' of work, which ' gives many possibilities, also has many 

deficiencies'. ' : ’ ■ 1 • '* 

As I have told you, we have, and are beginning, from time to time, 
new and international undertakings, 1 like geophysical years', or the 
environment programs. We begin Ofie program' after another. This 
is happening, according’ to suggestions of some scientists, of some na- 
tional committees for ICSTJ, or of some union, but we are not proceed- 
ing in a veiy scientific way. ri . . I 

Therefore, one of the major problems now is the following: The 
whole field of science is before us. We must study the situation, in 
science, each year, with the aim : to find the points 'where the interna- 
tional cooperation, multilateral cooperation, is important, where it 
can bring go6d results. Then we ‘must proceed to work around those 
pbmts, m the Corresponding fields. ' 11 '‘-* 1 ' : : : 

' Now it is necessary for ICSU, ! and not only* for ICSU ; I think! but 
also f br other unions, to study the situation in every science and the 
situation in the whole science, 1 and interdiscfplmafry fields: 1 We must 
find the hot Spots; where large scale international coop’Cfatidfi is hCCes- 
sary, 1 and organize such international 'cooperation as is ’rS^hired. ■ 
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This idea was the result of discussion we had during the last meet- 
ing of ICSU officers, and we are going to try to change our work 
according to this idea. Perhaps this will bring more optimality to 
the organization of international scientific cooperation. 

Perhaps it is correct to say that until recently, when we were meet- 
ing in ICSU we were spending all our time on problems of the orga- 
nization of B’SU itself, how to organize the work of the meetings, 
or of the executive committee itself, et cetera. But now we have rec- 
ognized that the most important thing for the ICSU, for its Execu- 
tive Committee and for its leadership, is to study the situation in all 
of science, and then to find the problems which urgently require 
international scientific cooperation. 

As I have said, the implementation of scientific, multilateral, and 
international cooperation is the aim of the unions. We have already 
many good unions. However, when speaking about international 
cooperation, we should not forget the importance of bilateral, or tri- 
lateral cooperation. Bilateral cooperation between countries which 
have well developed science brings good results, since we know that 
usually countries are progressing in science in different ways. There- 
fore, they can very well complement each other in the development of 
science. I shall bring in some examples a little later. 

You will excuse me that I will bring the examples from my field. It 
is quite natural, since everybody can speak only on the problems which- 
he understands. 

There are cases where the different countries can complement each 
other in such a degree that cooperation between them can bring very 
great advantages. It is necessary to have some mechanism which can 
endorse, help, or initiate organization of such cooperation between 
two countries, or three countries, I was impressed by today’s report by 
Doctor; Low about the possibilities of cooperative work in space 
between Soviet and American scientists. 

It.is-yeBy well, when scientists meet, but of course there are many 
needs, and many other possibilities of concrete common scientific work. 
I think chat the international unions, and the ICSU itself, must not 
forget that many things are possible to do. Many aims are possible 
to achieve,, when such bilateral cooperation starts, and therefore, the 
unions, at least in some crusts,, can stimulate such cooperation between 
the scientists , of, two or three countries. 

This is, > field which is mostly forgotten in the activity of our 
unions. Despite the title announced in our agenda, I can’t find or in- 
vent completely new methods, of scientific cooperation but I think 
that it is time: to put emphasis on some methods of cooperation which 
are neglected,; ay not ( sufficiently exploited . . : , 

There \ are two reasons , for having bilateral cooperation between 
countries. first .is that sometimes the scientific equipment of one 
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country complements the scientific equipment of another country. As a 
good example. I can cite here’ the case where the French scientists? are 
preparing a very large bubble chamber for the experiments with the 
Serpuklov accelerator. 

I think both the accelerator itself and the bubble chamber of such 
large size are so costly, are so difficult to build, that Cooperation in such 
cases is quite natural^ between any two countries which can in this way 
complement each other. Of course, the equipment is very important 
for science, but I think the scientific people, are more important, here 
I would like to express the following idea: When we consider two sufch 
countries as the United States and the Soviet Union, owing to' many 
facts, mostly for political reasons, the scientific exchange which exists 
is not so great as we desire — as I desire, and I am sure as is desired by 
many Soviet and American scientists. 

Of course, we have some cooperation, since we are sending each other 
the reprints and books-. We meet in conferences, and even are doing 
some work together, nbt sufficient, but we are doing it. However, it is 
desirable to do more, because there is some degree of isolation between 
the scientists of the two countries. 

Exchanges are not so frequent as we desire— especially common work 
on definite problems and common investigations. Therefore, tbe very 
mood and way of scientific thinking, in such situations, is in some 
degree different in the Soviet Union, in. the same field. Thus, in the 
same field, you meet the people who are differently minded: They have 
different ways of approaching the problems, and in such cases, of 
course, the meeting of these people, when they work on a common' 
problem, is very important. 

There is a Russian proverb that there is no evil without good. That 
is, you never get anything good without getting something bad. 

We are a little dissociated, though not completely. We don’t have, 
simply, homogeneity of thinking, there and here; This shows that we 
can complement each other. This is my point. 

• When I speak aboiit the ‘different cases, of multilateral and bilateral 
cooperation, -you 7 mus t' take into account that those problems which 
are mostly connected with the earth, its (atmosphere, and the oceans 
require multilateral cooperation — really international cooperation in its 

broadest sense. ^ - '; /• 

But if we take other programs where the ways of solution are not- 
so clear, there the true bilateral cooperation often is better, and team 

better serve our purpose: ; 1 • •• __ 

Can I bring yomone exariiple bf the cooperation in, astronomy? You 
know that her# mthe United States you were very successful. You are 
proud of the fact that you have built successfully a number of the 
largest telescoped in the world.- You already had the 40-inch telescope 
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in existence at the end of the last century. Then 1 you: built the 60-inch 
at . Mount Wilson, then a 100-inch, and then a 200-inch in Palomar. 
Increasingly these made possible the observation: of the very faint 
stars, and the very faint and distant galaxies. ; . • .!>■ 

All these very large telescopes have the i ability, to. concentrate on 
the investigation of small: star fields and of the spectrum of a single: 
star only. At the same time, the number of . stars which are now in 
our reach, with these telescopes, is measured by billions, and millions 
of galaxies. - We can study them by means of ; these large telescopes. 

You here in America have tried to meet the difficulty of; choosing 
between the billions of : stars, or millions of galaxies, and the stars of 
the galaxies which are especiaUy in teresting. You. have undertaken 
the program of photographing the whole sky by means of a Schmidt 
telescope, which has a broad field. • ( ! , . : • 

The Schmidt, telescope of Palomar is very successful. You have 
obtained, by means of these maps of the sky, information about the 
positions of millions df stars, and some possibilities' to have< prelimi- 
nary information about the. physics of stars.: m. . * . -I ; ; 

But now the requirements are more strict, and therefore we have at 
our observatory in Bjurakan, in Armenia in : the Soviet -Union, the 
means to work in this field: We have built an instrument of the Schmidt 
type however with an -objective prism, which ; gives tis the possibility 
to have at once, photographs of thousands of spectra of stars, with 
very small dispersion. Prom ithem we have a very- small amount of 
spectral: information, but this information is much higher than what 
we > can obtain from, the; images, the > direct images of stars, without 
spectra. Then I can say, “Oh, this star has an interesting spectrum,' * 
and conclude about the necessity of studying «it with- a larger instru- 
ment, with greater dispersion, and to* follow ib.M * ? * / 1 

In, this way, we “now have the possibility of* choosing among the 
stars, or ‘among the galaxies, the most interesting objects: Part of ithis 
program is already being implemented, and the new. types of ‘galaxies 
we have discovered at ; ouri observatory in: Bjurakan, nowj are under 
study; the lists; ;are available; we have made them available toyour 
observatories and it has been a great success. Manyof them have been 
investigated: by. your astronomers -with greater , telescopes* ivia an: ex- 
change program, .coming from our country to your country* -and! this 
showed very interesting results. We have found many galaxies of, the 
ii itermediate 4ype betw©en the usual galaxies and quasars: m . • , . . 

This is one of the interesting examples. After -sopie> time, it is possi- 
ble thatourroles: will) change: We are budding a larger telescope, ;a 6- 
meter telescope, but our Schmidt telescopb will be: insufficient to ob-r 
t aid. initial* data* about the; fainter; stars: I i;«» / •:>,<{* 

Now if you in the United States will build. asi IDni Zwjcky has pro- 
posed, an objective grating for the 48 inch, you’ will have, then, an 
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instrument which can godeeper, in exploration of fainter stars. Then 
you can provide the initial material, to find where are the interesting 
objects, among the still fainter stars, and. we can, in the future, observe 
them when we shall have our '6-meter telescope. Thus it may be that we 
shall change our roles. But; in any case, this example shows how easily 
we can complement each other in some fields. 

This is an example; from astronomy, but I think that we can have 
the same situation in mlany, other; fields, (especially m the branches of 
science where you require large numbers of very expensive instru- 
ments; astronomy is such a science.- We require a large number of very- 
large telescopes in order to study- all these very interesting and very 
faint objects*, = .. • ?> s • 

Thus it is possible to have cooperation; especially in order to com- 
plement each other. For example,, -If think that this remark is true not 
only for ground-based astronomy, but for space astronomy also. . - 
I have taken much, time, but: may I tell you something about 
science in the Soviet Union, especially in the field in which I have some 
experience. : - 

. I think it is interesting especially for. the Americans. You know that 
we. have problems in ,the< coordination of scientific work, not only: in- 
ternational, but alBO within countries. It happens very often that in two 
universities of the same country, or in two scientific institutions, people 
are doing parallel work, not always having the necessary exchange ^It 
happens also in? our country. <>, . ; -,j in if- ... ‘ j- i . : 

In , the Soviet Union the investigations in: the fundamental sciences' 
are concentrated in the Academy of; Sciences itself. The institutions 
which are, making the, most important scientific work in the funda- ; 
mental sciences belong to the Academy; of ‘Sciences of U.S.S.R. or to. 
the academies of the Soviet Republics,, of member Republics of; the 
Soviet Union. i i - . • >1 1 > .. > • . . i a.<{ 

SSince.the time all these academies of -the member republics ha ve been 
established, we. have seen the problem of how to coordinate their, work. ; ; 
However, it was not very difficult, since/all! the problems of finance, -the 
distribution of funds -between the ; different disciplines, are in the hands 
of scient?3ts, more precisely, in the hands of the academies of the re-i 
ppblics.; ; Therefore,; -the ,pr,c dem was only to coordinate - the ' efforts of i 
the academies of j different republics;.: • mud - uu *:n 

; This is, in some; degree similar to /the problems of international scien- 
tific,, cooperatipn-r— with ;i one. difference — here- we. have no political' 
difficulties. At the beginning}! when all these new academies of sciences, 
began, to .work there were some' difficulties. Every, academy was trying 
to piovej into all .possible fields.; JBu t very soon, we realized that it was 
impossible, and. that- each academy, must i concentrate . on something,; ! 
apd. When, w®- have ai i ^mailer; repu'blic-i— f or ; ; example j f the vepubl id 
represent is one of the smallest republics of the Soviet Union — we must 
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concentrate on a very limited number of scientific problems. (Of 
course, such a republic as, for example, Ukraine, which has 50 million 
population, can take a wider range of problems.) 

When all the scientists realized this, and succeeded in 1 concentrating 
on a small number of problems in each of the republics' and when we 
succeeded on those, the work of coordination became much easier. It is 
done by the committee* which consists of the presidents of the acad- 
emies of the different republics*: This committee also pays special 
attention to the necessity that each academy of sciences, of each 
Republic, must have its own fields of work, a special face which is 
different from the face of other academies. ■ 

At the same time, this cooperation between the academies of differ- 
ent republics has brought the rapid development of sciences in the 
Republics of the Soviet Union, which were 50 year's ago, hi a Very- 
backward stage of economic development. 

Now, the scientists of those republics are feeding 1 the' results, and 
sometimes very essential results, into the whole of Soviet science, afid 
world science. 

We all- know that one of ..the >mo st important problems nowbefore us 
is the problem of cooperation with the scientists of the developing 
countries. I shall make some remarks on this, and* then finish my 
contribution. 

We should consider that the most important thing* in planning 
help for the developing countries is to base the help on requirements. 
And these requirements can be formulated only by the people and by 
scientists of those countries. Without .knowing what the requirements’ 
are, and what the most urgent situations are for thexny some people 
say, “Oh, yes, if a country is underdeveloped , thCn ! for them the first 
problem is- the problem of food.” 1 ’ < 

But I do not speak about food. I speak about science 1 — naturally, 
both- about theoretical and* applied science— and* it is for the* develop- 
ing countries themselves to decide which way for the development of 
science is most suitable for them. . ; > ; 

We canhave conferences here and can speak about the requirements 
and the needs of developing countries,: but the most impbrtfoit f thing, 
I believe, is to find the concrete problems: Andcbncretenfeed^theV 
have — to learn this from them, and- not just give advice to thOm.'- 
They can easily find, what priori ty list is bcst f or them -You khbw, 
we live in & world where the different ' nations 5 have different styles 
of life; different ways of life, and, therefore, 5 the retjuiromeiitS fbr 1 
science in every coimtry are different: They depend' riot only on the 
economic level, hue also on the traditions' of the given* country, the 
history of the country^ and many other things we do'iiot knoW. there- 
fore, the ; best thing, always, is, that the people, the scientists' ahd 
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the intellectuals of the developing country, formulate for themselves 
all the requirements they have. 

_The organisation that 1 head, the International Council of Scientific 
Umons, is not part Of the apparatus of the United Nations. It is 
nongovernmental. The problem ofVettvirOnmettt is very bi^oatf. It has 
many and chiefly practical ^aspects, and at the same time, it is con- 
nected with many scientific* problems. ICSU, which conefets duly of 
the unions^ m fundamental sciences, can take responsibflity Only foT 
the scientific study of the problems which can arise, and already have 
arisen, connected' with the environment problem. 

. Therefore ICSU has a Very large field of work; If W6' wifi Succeed 
2**5 ^ e f hall J i elp the international organizations, such as in the 
United' Rations; I imagine such a structure as the United! Nations is 
coimidering all sides of the problem of the environment^ and UNESCO 
wifi be responsible in the United Nations for the scientific problems 
However, ICSU, itself, in which all the disciplines are represented* 
can heip very much m studying this. Here the first problems are con- 
nected with the methods of studying, the methods of monitoring, and 
of course, with evaluation of different factors. The scientific problems 
are of such large scale that they are quite sufficient for our scientists 
One more word: our Council of Scientific Unions consists chieflv 
almost exclusively, of the unions in natural sciences and mathematics! 
Social sciences are not now considered. Therefore, we don’t consi er 
ourselves very competent in social matters. 

. be wise ’ wllen we consider that we don’t understand anything: 

m . . tlcs ’ yet 1 know that many scientists are very critical of 
politicians. But nobody has proved that the scientists can be better 
politicians than the real politicians themselves. 

There is also another matter. We are an international organization. 
When you bring the practical consideration into this organization 
then, of course, you destroy the very subtle, very delicate, but at the 

same time, very good and very sensible cooperation we have in the 
science. 

Therefore, perhaps this is also another reason we prefer to be non- 
political, but we see at the same time that it is impossible to be com 
pletely outside of the political. I will agree that it is impossible to 
be completely outside of politics, but we shall not rush very swiftlv 
into politics. We should try to contact the social sciences, in order to 
widwi our scope a little. But we must be very careful in all these thines 
I have mentioned that ICSU is a union of unions in fundamental* 
sciences, but of course we are concerned also with applications For 
example, our Union of Pure and Applied Chemistry is not only in- 
terested in the purely theoretical work but in applied, also. 
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Recently, we have adopted, as ,a member of the IOSXJ, the .Union on 
the Science of Nutrition. But, sometimes, , 



out; in m#ny f fields. Therefore, many unions) i oiHS'Pplied, sciences^are 
inclined to ask us to accept them! as member uuions. ytr-.hi - in-,-.: v:m 
But of course our main aimis to, consider the situations and to work ■ 
oil the , situations , which , require international t zeal) >and cooperation I 
When any scientific or e.yen practical Problem can be solved by- the 
national means, it is perhaps not. ,ctf , the first ; importance for us., It 
is of. importance, but not .of /firatj^portance. .. >;■;> n«>rlT 

Of . first importance for , us , are , the ; problems > which : we can’t -solve ; 
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o; Oil© of themost spectacular developments during the past tw or 
three decades has been the increase in sophistication, quantity and 
•effectiveness of military technology, 1 very! ‘much* of it based on 1 new 
developments 1 in science: This paper will deal’ with some of the con- 
eeqU’ences' of this development 1 and Will c oncera itself p ar ticul arly with 
-ways in which'science and technology 1 can 1 contribute to the effective 
■control of * this burgeoning mifit€hy> technology: ? ' ••■p . . 

1 There is, of course, nothing new" 'in' nation© ( st r i v ing for ■ the 1 latest 
and best in military technology. Indeed, it has froquentlybeenargued 
that over 1 the centuries the spiir of 1 military heeds has been- one 1 of the 
ihost potent accelerators 1 in* the development of civilian ^technology of 
mahy ! ‘ varieties. In this connection 5 it is! sobering^ to remember that that- 
iaugust' and honorific 1 body; u th©* National Academy Of^ Sciences; 1 was 




during World War I, the NAS sdffiliat©, the National 
was* f bunded* with* much the same objective in’ mind. Agam- at'the ntart 
of World War ill the scienti sts and engineers' of ‘the Uriite'd 'States were 
■mobilized • for • war work > * through ‘the 1 ‘then- - UeW ! -‘Office * of ’ Scientific 
liesearch and Development. osi s or iuittcn • 

< i t '.furthermore;' there* ‘is 5 nothing sulprising in ! the f act that as the 5 na- 
tions of ■ ithe ; world 1 become more 5 industrialized 1 and dependent : on 
technology in < their affairs; 5 feo ■ will their 1 military • forces 1 . 5 'Technology 
and industrial production >are, obviously; interactive systems f products 
and • processes which* have been "developed ‘ with civilian 1 ‘uses in : mind 
frequently * turn’ out to be of military* ^consequence! 5 Thus, new; develop- 
mehtsin* civilian ‘ communications' systems will quickly find their Us© 
in military communications. Assemblyline methods iforptoducing civil- 
ian i automobiles* ■ can be 5 modified? * to the production* of military '"air- 
craft. As' the World becomes more? technology ‘defendant so will the 
military. \<> ^ ^yy\v : 
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t The last fewide6hdesv however, 4 haVe sfeen the' dnlset Of- W6 S trends of 
such / signifiea nee * to military 1 technology that 5 they 1 can be < properly 
called new. The first of theiseiis 1 the<clbse l ^interplay betweeh^ ^fundalmentttl 
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science and technology with the consequence that the rapidity with 
which scientific discoveries can be translated into technology has 
greatly accelerated. This is true in all areas, but notably so in the 
military. The second important trend is the development of major 
military yesparch and development efforts, specifically focused on 
accelerated development' of military technology. Indeed, the magni- 
tude of this effort is noysr so large that substantial units of industry in 
the United States and in other developed nations are devoted almost 
exclusively to the development and eventual; production of mili tary 
technofpgy. . 

In , considering the unpact of science-based technology on the 
military, it is common to think immediately of the strategic nuclear 
systems and with good reason. Two authentic revolutions in military 
technology have gone into the development of our current over- 
whelmingly lethal strategic nuclear forces. The first revolution was of 
course the Atom Bomb, which resulted in an increase in some orders 
of magnitude of- the explosive kill-power per unit weight. An illustra- 
tion of our terrible progress is to recall that the phrase “blockbuster^’ 
referred in World War U to bombs with one or two tons of TNT, 
whereas the cowparible blockbuster now will carry megatons of TNT 
equivalent. The second revolution is embodied in the Intercontinental 
Ballistic J^ocket which has given iis the power to deliver these nuclear 
explosives to far distant places with, high accuracy and with a 
thousend-fpid decrease in time of delivery. 

The terrible consequence of these two revolutions is that we have 
now reached the position where only a single decision and about 
thirty minutes of time stand in the way of the almost total. destruction 

of any single nation in the world. 

• These fearsome developments in strategic nuclear, weapons systems 
should Opt, however, distract us from the realization .that the revolu- 
tion technology has affected the entire spectrum of military 

affairs. Splid * state • devices and; space satellite ; systems^ have revo- 
lutionized military communications. Computer based command, 
control and. guidance systems have (revolutionized the war of the 
'battlefield, the sp-rcalled conventional war. And,: waiting in the wings 
are, still newer systems based on the most recent tec hn ology • 

A c hi l lin g exposition, of the potential for.new military weapons 
systems is to be found in Nigel Calder’s recent book, Unless Peace 
Comes. The subtitle of this book is A Scientific Forecast of New JVeapons 
and the Book itself lives up to its dread promise. Would you want to 
know- about robot warfare, about .militarized oceans, about environ- 
mental warfare? If so, this is the book for you. tvs > </• ' 

.. ^9^ the development pfall of this impressive military technology, 
both present and future, does not come automatically. Indeed- the 
price -that we pay for it is high in terms of both dollars and effort. 
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In the United States something between 10 and 15 percent of the 
total militar y budget, depending upon .the precise definition, is 
devoted to military research and development. Since the worldwide 
cost of military activity is about $200 billion/year, the implica- 
tion is that something ‘between $20 and $30 billion/year is involved 
world-wide in military research and development. 

In fact, t his figure may be considerably too low. In a speech last 
Inarch, Ur. John Foster, Director, Defense Research and Engineer- 
ing in the Pentagon, attributed an annual expenditure of $13 to 14 
billion/year for military-related R &> D for the United States and 
gave es tim ate a figure of $16 to $17 billion for the Soviet Union. 

Hence, estimating roughly the costs for the other nations involved, 
the world total may he closer to $40 billion than $30 billion. And this, 
bear in mind, is only for the EAD effort. 

Furthermore, unless there are some exceedingly effective counter- 
vailing pressures, .one can predict that the intensity of effort on 
military te chn ology will increase. There are a number of reasons to 
expect this. One is that there now exist in all of the developed coun- 
tries of the world trained, committed, and dedicated specialists in 
military technology. Consider, for example, the complex of trained 
people which exists in the laboratories and arsenals of the military 
services of the United States and in the aerospace and related indus- 
tries whose principal function over the years has been to serve the 
military* This entire knowledgeable, technically-oriented and sophis- 
ticated apparatus exists, fundamentally for the development of military 
technology. . .. _ _ 

A second pressure toward increased military RAD effort is the 
steadily i ncrea s in g . numbers of research opportunities within the 
field of technology. For the past number of years the worlds scientific 
activity has ibeen doubling approximately every 10 years. A com- 
parable doubling time must entail for applied science and. e ngin eering 
also. The direct consequence is that thepe are ever-widening oppor- 
tunities for the development of new technology* including military 
■tec hn ology in particular. Several years ego, then Secretary of Defense 
McNamara spoke eloquently of. the “mad. momentum’ > of the arms 
race between the Soviet Union and the United States. The: identical 
phrase is. surely an appropriate description of the pressures toward 
the development of more miUtary technology .. ■ 

All of thi s i int ens ive military effort is rione in the name of national 
security. It by no means follows, however, that ; increased national 
seourity is a consequence of these technical' developments..- Indeed, 
it is . a , sad ; and. ironic fa6t that as. the United States has steadily 
increased ’ its i military expenditures- and developed its impressive 
new. military technology, its national security has steadily decreGsud. 
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No longer do we have any serious hope or expectation of successfully 
defending our country against nuclear attack, in the meaning of the 
word defense. Our best hope is only that our mutual nuclear deterrence 
will remain effective and deterrence' is not defense. Mutual deterrence 
only promises that if deterrence fails there Will be fvast‘ mutual destruc- 
tion, destruction in other words, of' attacker and attacked alike. 
And regrettably in recent months there is increasing 'evidence that 
even this limited concept of mutual deterrence ’is losing some of its 
credibility. • . •••• . ; 1 v< : 

An excellent example of how a technically attractive piece of 
mihtary technology developed in the name of national security, can 
nevertheless carry us down the path of diminished security, is the 
case of MIRV. This • acronym, '• as almost everybody 1 now knows, 
stands for Multiple Independently-Targeted 'Reentry Vehicles. The 
background to the development of MIRV and the reasons for cdhcem 
about development have been many times outlined by such- people as 
■George Rathjens, Robert Klieman, and Herbert Scoville. A particu- 
larly fine summary of the situation is to be found in Herbert York's 
book. . ■ :i - 

Very briefly, the situation is this. It is now possible to replace the 
single warhead carried by a strategic nuclear rocket, as for example, 
the U.S. Minuteman or the Soviet SS~9, with a warhead which con- 
tains a number of independently- targe ted' nuclear weapons.’ The mega- 
tonnage of each of these separate: weapons will, of ’course, ! he consid- 
erably smaller than the mega tonnage of the single bomb which they 
replace. Thus, according to newspaper reports, the roughly one- 
megaton weapon of the Current Minuteman rocket will be ’replaced in 
Minuteman HI by a group 1 of three MIRVs, each' with 1 1 only ' two- 
tenths megaton yield. Remember, however, that the bombs which 
devastated Hiroshima and Nagasaki were’ under 20 kilotons, i.e. 10 
times smaller than these; Remembering also that, due to ! the 1 Cube 
root relation between damage radius and megatonnage, three properly 
dispersed smaller nuclear bombs can do more damage to a large city 
than the equivalent single large! bomb; 1 it is clear that the destruction 
earned by a MIRVed weapon is still enough to greatly devastate a 
’modem- city. ; ii l,. j *-.i 

What are the military reasons’ for developing and deploying MIRV? 
A first reason is that it is ah ; obvious response' tb an antiballistic 
missile defense system in that by launching a ‘MIRVed missile more 
targets are presented to the- defense' system with consequently more 
bpportunity for the attacker to penetrate through the defense or to 
exhaust the defense; A’ second reason' 1 which is •sometimes ‘’advanced 
is that: the greater • total number of< Warheads which' MIRV produces 
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permits the attack of many more military targets in the opponent’s 
country. .. ; • • u • • >- ^ -A' ' - • - 

The ■ t hir d milit ary opportunity and. the one ■winch, turns out to 
be the joker in the ^eGk r is that ,if ... these separate warheads have' 
sufficiently, high accuracy, they again make it conceivable to consider 
the possibility of a nuclear first-strike, something which mutual deter- 
rence had presumably made inconceivable- The arithmetic here/ is 
simple. ' Supposing two opponents each have identical numbers of 
land-based, nuclear-armed, intercontinental rockets emplaced in silos- 
Suppose each rocket warhead contains; half a dozen MIRV’s. Suppose, 
finally, that the r accuracy . and reliability of each MIRV = is such that 
the targeting of, three, MIRV’s, on each of the opponents’, launchers will 
give a 98 percent probability of. destroying them. Then one country 
could launch a first-strike on the opponent’s land-based launchers and 
airfields with half or : two thirds of its force and expect virtually to 
destroy them., The country which delivered the first-strike would then 
be left with a large remaining nuclear force to use as a , military threat 
to, defeat the now disarmed opponent. 

. Actually, it is exceedingly improbable that a nation would find 
t.Vii h scenario- of attack at all persuasive: * First, the United States 
and the ;Soviet Union would ha ve in reserve their submarine-based 
nuclear mis sil es, and could use these for retaliation.; Secondly, even the 
few land-base missiles. • and strategic bombers., which survived; this 
first devastating first strike might, still be enough to wreak unaccept- 
able damage on the initially attacking country. * . • • 

. Characteristically, , however,, . military strategists are inclined s to 
“worst ca se*? analy sis . and , hence even - the , remote , possibility of a 
nuclear, ,fimt-strike from a MIRVed system will almost surely accel- 
er atjC, the arms race* .Thus one possible answer, to ;a MIRVed force is 
a < major defense system of anti-ballistic .missiles. A second possible 
a.ne wey is. .to , develop a force of [mobile land-based nuclear missiles, i-e.y 
roP^kctst mounted on. railroad flat cars pr; on automotive trucks.; Still 
another, conceivable . response would :be ? for the • threatened countries 
to , 4eyplop , a .Strategy of . “launch-pn warning?’, i.e. a co mm a n d, ; and 
cpntr,ol procedure, which could react, so ^rapidly as tp permit retaliatory 
missilps to be .launphed ,befox & ; the , opponent’s ;first-strike reaches fits 
targets. . ?-,> - • - » -fiuuik <v..^ ■ 

, An y , single, .one oft < these propp^als rpay sopnd .xinpersuasiye. but m 
tqtfl- they , are . precisely .the kind , of .concern^ iiwhich, dimini sh: the • cred“ 
ibillty. of ^position.; of, actual , nncle W. and l^liich ultimately . 

can {lead, s to; an e^ele^at^oA p£ the] arms ^acp.i Arid. this, is ,why I helieye . 
that the mutual deployment of MIRV forces .will decreasethe national , 
sepiufity , of, , bptb. itlLe , United: States eftd. Soviet , Russia., Specifically i I 
bpbeV^ ! that a tnore , rational analysis, ^ nfttiona], ,sepprity , would haye , . 

,.tw ium -stj ■ i --i i / i ' I • . %.i ■ t! i It. * * i !.»;•« t j -it; 
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put the mutual banning of MIRV systems high on the agenda of the 
SALT talks and that, with some hard work and a little luck, this ex- 
pensive and potentially destabilizing weapons development could haVe 
been avoided by both the U.S. ahd the U.S.S.R. I deeply hope that 
the opportunity to accomplish this has not yet vanished, but time is 
very short. 

All of this brings me to the major thesis of this paper Which is that 
it is of the greatest consequence for the nations of the World, in their 
search for national security to explore the alternatives to military 
systems and Wat, and to look specifically at the possibilities of arms 
control and disarmament along with peace-keeping programs for the 
maintenance of a different and more attractive kind Of stability. 
More particularly i I want to develop the reasons for toy cohviction 
that, j ust as scientists and technologists have contributed so exten- 
sively to ttiihtary technology and the arms race, so must Scientists 
and technologists play a much larger role in the search for alternatives 
of greater security. 

There is, of course, nothing new in the proposition that more 
emphasis is needed on the alternatives of peace-keeping fend of arms 
control and disarmament. This is, after all, what the UN itself is all 
about. Arms control and disarmament is also the specific topic of the 
continuing efforts of the UN sponsored Conference of the Committee 
°n Disarmament which meets in Geneva, Switzerland. Similarly, 
nuclear arms control is the whole point of the current SALT talks 
between the United States and the Soviet' Union. The problem is that, 
looked at overall, these various efforts have been singularly ineffective. 
It is true that the disarmament negotiations have yielded a few posi- 
tive results, e.g., a partial nuclear test-ban ahd a treaty oh nuclear 
non-proliferation. However, the talks have not achieved ahy limita- 
tions on the numbers of and character of the nuclear ■Weapons which 
the super-powers have and have been ineffective in Obtaining signifi- 
cant limitations on conventional almamentS'. Similarly, the United 
Nations have had only very limited success in developing any truly 
viable alternative to armed . 1 conflict 1 for the settl emen t of disputes' 
among 'nations. In the meantime, the World arms race mounts Steadily 
ahd new and more deadly weapons continue to be developed, deployed 
and in far too many cases, utilized. ; 

A principal and 1 primary heed is for a vfery mUCh 1 greater under- 
standing of the modern riiilitarjr Systems ahd of the polifcicalandsocidl 
impacts of a continuation of the military atfhs race. Equall^ for vtoiM 
security there must be niUch more study ahd OCnsidOTatiOh Of the alter- 
imtives ; -tp > ^e; > xmfitar^'path.' 1 ■ •• •• • ■ -ir it? 

The heart of the matter^ it seems to me, is to develop a.'mubh deeper 
appreciation of the Concept of relative risks. Somehbw, we must develop 
an understanding that the current path of arms race and emphasis on 
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military systems for national security is in itself a. terribly expensive, 
hazardous, and risky path. Once this fact is clearly understood, one 
can reasonably hope to go on and look in a more objective and -thought- 
ful way at alternatives which minimize the centrality of military forces. 

Two further points must be made. The problem we deal with is truly 
an international one, even though it involves the Separately analyzed 
national security desires of nations of many sizes, types, and degrees 
of development. Hence the understandings of risks and al teroati Ves 
must be themselves international. The second point is that because so 
many of the major present and future military systems are deeply 
based on modem technology, it is important that this technology be 
understood and considered in the evaluation of relative risks. Finally, 
it must be understood that if the various alternatives to a military- 
approach are to be recognized and to be ultimately pe tsu asiv e , there 
must be a much broader program of analysis and publicity. The current 
position of military is both a traditional one and a deeply entrenched 
one. It is too easy for all of us, citizens and specialists alike, to think 
first of military solutions to foreign policy problems; it is much harder 
to turn our attention to an analysis of comparative risks and gains. 
Furthermore, the momentum of technology toward ne\V military sys- 
tems is strong indeed. To counter these will take real effort. 

What specifically can scientists and engineers do? As a first item, 
they can play an explanatory and tutorial role in their owh country . 
One need only recall the AB M debates of two years ago to appreciate 
how terribly imp ortant even 8 moderate understanding of the scientific 
and technical possibilities can be to what is an essentially political 
decision. S imil arly, one need only remember the enormous impact of 
Academician Sakharov’s activities to appreciate what the role of one 
concerned scientist can be in a country like the Soviet Union; But 
beyond thia internal role the scientists and engineers with knowledge 
on these military matters have a most important tole to play at an 
international level ahd it is this I want to particularly speak df . 

In almost all phases of these Complex problems of international 
peace and' security, it is essential that' the nations concerned have 
clear co mmo n understandings of problems and of opportunities. As 
only one recent examp 1 e, it has been of the greatest unporteLhce that 
the Soviet Union and the United States have developed in recent 



years a similar appreciation 6f the concept ‘ of ; strategic nuclear deter- 
rence. Fortunately that" understanding does how eidst and is in turn 
an essential component of the effort to obtain strategic arms dota- 
tions which- is hAw < going on within SALT. Similarly, . if we are to 
obtain international control over deployment of 'MIRV systems or of 
anti-ballistic 1 roiSsilC ’ systems, there must be an international appreci- 
ation of the military technology involved and of the consequences of 
deployment of these systems. And finally, because it is characteristic 
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of ,th|B, cjuqrenti wprld that new; military ^eplmo^ogy. is , steadily being 
developed, ^we must, h^ye pr^ced^es .^luch. jgi^o to jblae, international « 
cp^mimity .^echan^.^oi;, 

problems,., Sjor tun at ply , v spm,e , s ,<!<>. exist ,and,ptb.er jpossibJ© * 

i^9?r t hi nil * i/iiotj -x-u?>-n ; i wn'V 

; A*W . ^iscus^ipn. of . ^esp start , yd&V c »tlie , IJiiitpd : 

Natipns.s^Tlie ,X^N; is thpsponsprj and. supporter ^of .t^o^ppiifciiauing dis- 
cussions Within til© . ppr>. ,UN. : Assembly annually: , deyotep, con- 

siderable effort to discussions x>£ ( problems f of pal^ional , sppuraty-f And; 

finaijafo t%» : , $$[-*• s^idarj Pppwdt^e pn fc, 
armamen,t which, its elf r epr ps eirfes rn avenuefor increased international ; 
\mderstanding. Each, one of different; "CTISr. petiyities 5 |s ipapor taut 

and each, deserves expansion and strengthening.) prhere^pxist, hoyyeyer, ; 
exceedingly- impQrtapt v needs fpr, intpruatiopal ,. mechani sms wtidi. ( are 
lessofficial ,and idssformal than tjhie tJN r . fortunately, a feyv" such exist. 
Let nae tell you of ^wowheyeio. t^ focus is he.ayily pn, t,h|B ( scienpe and 
technology; of these military problems- ,One pf these, is a highly informal , 
nongov ernmental grpnp>, . officially, called . the <3?pinmittee . pn, .Science • 
and World Affairs, but more familiarly known as Pugyyash. The second, 
one is a Swedish 7 sppnsored pndeayor ? called the, , Stockholm. . Intern a-v 
tional Peace Research dnstijtute, 
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Pugwash wa^ bpm.fjipm^tljp 1 Q 9 I 4 , Wsar, and, the , re aliz atipn of; the 
terrffying char a ct erisjfcicp of , nuclear yyeapons. The , initiating , mecha- 
nism was. a manifesto, frpm a, small, group pf /physical , scientists to the) 
other; . scientists of , the world , urging them, to come together tp jdiscuss 
these ; problems and tp search -for j ayepues f or.p pace . * F olio wing tl^is 
call, the, first international cppferpnce >o 4 f concerned scientists, occurred 
in 1957, ;at ,the little .village of Pugvyash, in Noya, Scotia, hence the 
name. Since then , the ^Pugyvfash .movement has , met steadily >and , has t 

f; • oU i,; £ ;-7.o.inr ri-U 

jmajo^ aehieyem^nt, p^ >1 Pu^^h hfts ( ;tTLpned n ppt ;i tpirbe .to-.giye, 
an i7iforrnaZ_ and unoJfc&ictZ mechanism [whereby ^pientists ^nd. ,enginpers , 

XJ.S.S.jR^, pppld ,mept tp .di^puss. pi ob]lpxps t .pf > ix^clear v y^ l .^pd { to, sear;ch ; 

^ run •?* > t> hiW) 'iiU’jIfto’iq t«» fs? l»i rx. L*;'V‘>5>fUi 1 » ii)ii i- » 

It ie^pf cpurse, aljpost.inipossible to measure f with -.apy^pertaipty >he, 

influence ; and, acconpplishmepts of a,n r informal activdW .s^ch, as , Pdg r 
Wftahf, A, • , accqmplphmept, f has ^-jde^lpppaent, pf, 

mptupl- understanding. , s S^oups ( of ^e^W^apd, .Eastepp, 

W e ^tiye *golp^9¥^ol« 

bpiieye that, thp% j /a f gppd mw* imls&tim&sk ^TM©y 

af©) PP^ u ^ded* ^for . examplpi th^ft t^heir ? rotes in the^d^yetqpp^ent of 
t^e L nuqlear^ , test-han ( ,apd ; &&■ j nop-prphf pratipn, ttpati©s .were > m§fr : 

*.-i >>:i Oil I- > HI li r)<!tWi.'>OU ,7l!iftfli'i.!iM7i .r-ino IrV., •■ OP.Otlj to Ji i'f I > 
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nificant’ and that, perhaps, 'even the SALT talks were’ hided by earlier 
Phgwiash dischssidns. ' ' ‘ 1 j * •' fw v’ i;u;uv ‘ v;: 

’■ L'etme 'give you 'a conicrete examjihe'df the kind cif thing'ah ih'thr- 
national informal organization likd fc’aii. dolin' June bf '19^0; 

there Was held in the iXJ.Si aPugwashJ symposium- on • ‘Impact-cf New 
Techntoldgy'Oji? the. Arms Race.V Participants in this conference came 
from oyer, a (dozen ^countries and-, included five S3cientistsJ from the 
Soviet Union. The Conference was a serious J and « profer sionaL one, 
with a < number r of 1 thoughtful, prepared tpa t p^^iQ^huT9^ults : ''iare just 
appearing; ini hook form as a publication of ; the M .LX j Press : s • ? < 

One of the. imp ort ant discussions at this i conference * concerned the 
probability that accuracy Mdf^iiftercdhtihental ballistic ^missiles will 
steadily improve with a genuine possibihty-that in/only ten years or 
so the^verageihiss distance maysbedowabtovletes than a hundrediyards. 

b -TffiWP Wfffite may became pop^d d^puaaipn a* 
this Symposipm f qcused on technical threats to .the relative mv uiner a- 
bffity of submar^e, ballistic missilci systerhs. of.’ the Solaris.; typp. One 

detection cc)idd, greatly, increase >, .the .. systems. 

s .^T 9 f , W ^ > ; ^ e pi* 

nuclear, deterrence and clearly meritsp^re thoughjfcf ul stilly and better 

■^^tipnal' Wdei^t^dh^s’ 1 ' : ? 0®® 

jThe, second pro^am. which I wish ^comment on j^ere, scientists 
and technologists play a role is the Stockholm International; Peace 
Research .InstitUjt^ jusually fc^ojwn by the acropymi^ a 




;r> .ifieicvjhi ouj^jityy ui.! »f 77 ] /•*;» ^5 j “ir^^RraWrrA'nrJ W£ f *nrnT rrrft 

#°Wf%!nW tf$ fBPV? 

Geneva. She , and hear . cpllpagyps ( i;ea]^ed , matjra .truly ^international 
waa.deslra.ble and tbit it ^as.alpo ipipo^ant .to hay*, a 

. in'_ . L TTIT j . - 1 d 'Ml "T a *y* ripli ■ f . .1 ; • i • ./■ i 



iifnsrwstB txtj i m 

iiSBtep m,9& c mwwlm$ Wtem&vspfm $& tw? 

^9p°# WP ppe fo f .lQ^l^one 1Q^, fcay 9/ also 

•/Sp-f ; ■& MmwPmmppty &?h 

u‘)-.) *»dt v.*:i tcihiiifol od ■-iO'wfii-ifcl.ii -iili lit .|>(iro» 

W fl)« paucity ot, intarnational i?ifor- 
■ntftm.W pjo^],ems,pf : mijitaq,- .^ohnology, .miUtary; forces., and arna 
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control possibilities, to say that already Sl^RJ has. ; skpwn., itself to 
be virtually indispensable. Let me, for example,. c|ju.Qte three of the 
many reviews of the first SH^RI yearbopk, two, . from , the United 
States; apd ope. from a communist eountry:. ^ , ; •• .. 

. .If peace on earth depends upon the world* s people having ; * 

: . pertinent information made available to theih, then SIPRFs 
Yearbook: will be a significant step 'towards 1 peace. [Los 
. - - Angeles Times (USA)] •• 

The. Yearbook pulls together mountains of material, pre- 
viously known in detail to specialists but unavailable to the 
general- public.. It conveys a dizzying sense of an amis race 
spinning out of control. [The Washington Post (USA)]' 

-v This study represents probably the most complete an- 
• alysis ever made of world armaments . [Borba (Yugoslavia)] 

In an important sense, both the Pugwash activities and the SIPRI 
studies represent useful, significant, and expanding efforts in this 
important field. Their very existence is encouraging.' So. also is the 
fact that in many of the n%tjiohiaUy . supported study efforts on prob- 
lems of peace and eontrol of the, mihtary, the importance of inter- 
national understanding is increasingly recognized. Looking only at 
recent progress, one could even be mildly encouraged. If, however, 
one views this progress in terms of the massiveness of the. problem 
itself, for example, in'terms bf the two hundred billipris dollars per year 
spent on inilitary systems and the continuing momentum toward new 
and more deadly nnHtary technology, it is also possible to be pro- 
foundly pessismistic. : 

Speatdug^ more positively, one cannot help' but feel that there 
simply must be. much more effort by both governmental groups 
and non-governmental groups, devoted to studying the problem, of 
national' security’ from a .mUch broader . position Ithap" siriiply the 
analysis of mihtary programs. ^luthOrmpre, thbse efforts 'should be 
at both the nationa]; level' ahd'aVthe international level. 

' One . area of hpn-jgoyernmentar initiative, which is particularly 
hopeful fpt expansion into mterhattional' pro-ams is ithb forpiatibh of 
Societies fbr the Support of Peirce Studies. countries, add this 
incindbsthe United States , arc in ] the position that the civihen groups 
which suppOrt studies bn alternatives^ military are too small and 
too fragmented; Unhappily, oheeyeh occasionally senses Competition 
’ between thb' various; small groups. Hbw much bbtyer off the ITnited 
( Stktes- w : ouId'‘ , be if there ; were bney vigorous, weU-ftinded So for 
s the* Ffo'mbtioh ' of Peace Studies?" As I envisage it, such a Society 
could, in the first instance, be founded by the concerted! efforts’ of the 

ibntrd 1 ; ' o hi O t»1vt onoi btiho * o a fhT ava nri r\Tn * a ■NJ o+i /itii b’1 A aa /I it 
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sponsorship could insure, a seriousness of purpose > and dedication to 
objective studies which would be of the, greatest importance. Such 
sponsorship :\yould also, help in obtaining the .very substantial amount 
of funds that would he needed for an adequate number, of serious 
studies,. The existence, of, such a- society co.uld : ga^yanize effqrts in 'this 
country and could be the focal point ,for a whole spectriun. pf non- 
governmental activities. I very mpch hope, that su,ch .a sqciety will 
come into existence and soon. ■ v ^ r|.. 

But even, if on©: has vigorqus non-governmental ^programs, there 
still remains, a nipst essential need for serious studies vsdthin national 
governments themselyes. The United States Congress, can justifiably 
be proud of* what it has done in this field, but it remains true that 
substantially, nxore can and probably should. be done. 

Looking, at .present .activities of the U.S. Congress, the yery existence 
of this Panel- a^d its predecessors, sponsored by the Mouse Committee 
on Science and Astronautics shows, a Congressional recognition of the 
responsibilities of scientists and engineer/* to, fields beyond their own 
specialties. The increased study- of military programs; which Congress 
has carried out within its normal committee; structure, is a mpst heart- 
ening direction. Finally, the existence of the small and in^o^mal, but 
nevertheless very important bi-partisan effort called Members of 
Congress for Peace Through Law is a clear recognition that something 
more is needed than just a study of the military. 

What else might Congress do? As one very tentative suggestion 
from a concerned citizen, I would like to urge consideration of a new 
and major joint House-Senate Committee explicitly co mmi tted to 
broader studies in these areas. My* (specific suggestion would be the 
development of a Joint Congressional Committee for National Secu- 
rity. I would hope that the interpretation of national security by the 
new Committee would be broad enough to include a study of non- 
military alternatives as well as of military programs and to include a 
study of the impact of internal U.S. programs as well as of international 
needs and goals. Speaking even more generally, the new Committee 
could be the place Where Congress would focus its studies of relative 
risks, and it is these studies which I think are critical to a true under- 
standing of national security! 

In making this suggestion to Congress I am very much aware that 
there already exist congressional committees whose domains cover 
important pieces of the problem that I am addressing. However, there 
is real need for a single forum within the Congress for a truly com- 
prehensive and integrative analysis and debate on matters of national 
security including not only the foreign affairs and military aspects, 
but also those aspects of domestic policy which in fact affect our 
national security. It is interesting to note that within the executive 
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branch; of our Government the' integration which I seek for ' Congress 
has" already 1 occurr edi Within 1 the President’s office there exists the 
N ational Security Council : whose* purpose sis • to ''take f 'the broad; inte- 
grative viem H ! ” 

What I : am Urging is a congressional' ! organisation ’ winch is 'Mh e 

_ — * m 4 I. _ , "t * *«k . . 1 / if..- ■ I _ rn, *- i- > - • 




! ak' wide a spectrum! of' considerations J aS is embraced by ! the NSC. 
Congress already has joint congressional’ comnutteCst Responding' to 
OthCr broad national needs. As far as P am concerned; the ; need ihlhe 
national security area ls no lessy arid 1 indeed 'I would' argue’ far greater 
than in these other ardas. Xn^the 'cCrinnittee ' as ; actually organizedy I 

t - - * ... ."-mt . im . -■ [ I t ^ ^ . i t .-J 



component areas -of 'defense 'and” foreign : affairs ! as well 1 as ‘domestic 
matters. What X am proposing, ' therefore, 1 is , : a very modest step in 
the direction of 1 the Congressional committees- wliich are Organized 
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The theme : for" this year’s panel ! meetmg—Ihternatiorial Science 
Policy— seems to nie to he an especiaUy appropriate gne fbr several 
reasons. Firsts it ptoyid^s a s focus for much of 'the work add discussicih 
that has resulted from previous ' annual meetings of this PalneE On 
Science and Technology. These meetmgs have dealt^mth sUch issues 
as basic; science, applied Research and the world' economy , ihfoririatibn 




how science and technology can bfeSt be employed f oE jth© benefit of 
all mankind, • not. just Americans, Europeans, Kussmi^'/dy' /dpo6teSe‘. 

v Secclhd, 1 : it bffers lis : the opportunity J to cbi^ider new hpprbaches 
and hiec^httism^ fdr J Broader ' ^ idfcerhatilohel " l dbfeht^'c ^ 

<■ r « ..*•) ! . 'jj i 1 ! ' ? i-'i r< : 'n f 7 l fio •}<>.?[ cl f>V.3irSO 1 .coX i A . . kt.iv cJ 

cooperation. ; . 

Third , it 1 serves to remihdusdf oiir narrow pardchia li s T ti and Of the 
need to integrate more completely ourowh hational sciehce adtSviti^s 
with those of other nations. In addition/ this theme' is 'appropriate 
because of its timeliness. We are? T^ 1 belie VeV at ^ia piyot&l poiht in the 
history of mail 'and in‘ the re!atiohs ? ampiig* hatiohh 1 .' > " >n "' ' ' . f ‘ • 

,vi: 7 . > ! .braC ItT-il ''‘UiVOS Ct* V’Ui’M U ’i'SbXHs. *>1 v*j! {’>/ 

Sfia^ing] a mw jran^poiir^. , OJ -bhros c-?< kajs .y/o/Jvd I 

The fact:isthat, 7 tQdayr;t.he oJLd frampworkof international P^Rips 
no . longer cornpatible { with reality 1 That frapiewp^fc wm- P^ndjcated 
upon conditions and ; atti^des thj^hjaye^ 
framework characterized by spheres of infiuen^^fipftitf^y j 
between nation-states, and the divisions of national . so vei^pignt^ . Tins 
is not to say that the frame work is inoperative or non-essential' today. 
To the contrary,' thi^ lattdr ^^WctE^pyCreign^^ Become* one of 
m ankiiid ’s ! maj or fehmdnsi It 1 bias Bhcdthe 'as histdriSh^^iiold T oyhbee 



escalate into a ;; nu clo*ir oiieV r - ■ - • , 



oiU7/cliu lo ficnji;1iolqz:0 edt 

^9 * 3 iA ' s -r.uU' ■ '*!& 
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longer sufficient. The reason for this is that technology has largely 
changed the world, and in doing so it has rendered the old framework 
very vulnerable. Today, we are witnessing an increasingly rapid com- 



™ ''VViae* 'UUIiUmtlllUa" 

tions and their promise of 1 l^m^S^^^^pfeoples of the world closer 
together, we see today, continual ( social disintegration and upheaval. 
This has led to the contemporary j^firadoX “whereby the human race 

*mf U\d r 

,in t^p^,.ofj g^obal^poli ties i, and in i’the, direction of a, new 

^ ° ' J 5 r >S°T^?i§^ty^ : | { r^ gfjjepialjy rffagpg a^d 

td^^+t^k v n 2 t **» *? Hp mjSF ^umn-iGaiJk? )*(*[ mnpMfbfinmi 11 u 

^i^at^.behe^ve to )i ^ ! a 

states. This, I believe is not only possible, but mandatory' f E]qy. ^flay, 

TO ,c?.pabilitiep 1$fjp$gin 

^ot;pnly .fcflf *o 

ot^rwis^j c^. for aU ( ^ose ^ < ^h;^ >rj 6ii | jj^e 

capability in the fo® •,9ft^^^e 5 ^y i a1^. W^^^?Ji9P^P<>^9??? 
whose activities span many different sovereign and market .boundaries. 
I believe that we could begin to do the sai^bM^e- pbHtidaL pl'dii'e 
ff iftan< would only exprbss^his^iffJt^ ;dh. soM The 1 Ydry'eiSistencei of 'such 
hor'pdra-te' activities ^shbWs some progress l iii this ^direction. However, 
their 'COntimied > existCneedarcelv' depend^ ilbdh' the! mrovrask we make 



their - continued' exist’Cneedargely ^ depends' 'ilpdh the! progns^s we make 
oii*tKe^p6Ut^^ ip. •gi/jedxjj? ’fd .v-Pin.-Yl 

"Purpoie 1 ! H oci? bur. »«» ani^/hid 

■ v Xm^‘- i teiJtHx&pTftorj ;%> oy.ipn^qiii ti d ji’iov/otmrsfi mtt $tuU vm> ,.z i ; \ u . 

!> * 1 before t^e / ^ ! be . any real 

6j£)>al,<«op9ru}iop,;t^ purposes, 

^hat .are. >f <f° !<^an<S? .intellectual 

felt expanded medical ;. health i rare or 

Jirr dej-^^og ajCOJjflepa^jpitjiiis 

;f i tef %4 

g-term global problems? Let me t ake, just, on e 



problems and long-i 

- ; v. - ,i , ., ,. • . yV..- j - ' - -::. , . •,.-. t 7irs>n W ii«o’J 

: : 1 r^QBr to the exploitation of our natural resources. We are all aware 
of the statistics concerning the consumption rate^of _t 
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by rthecind-usfcrialized world.. We, iaro . algo awake tp, [the political sensi- 
tivities ofci^smjrce; ;exploitatiphin ; the, (J^ysJppmg- countries-, .And, of 
course, we are all told that the earth's resources! are t finite- F ( Apd yet, 

• most! > Q|ritu3 * in- • the; developed World tare t still unwilling ,to ( ^estript -oiir 
own;actiVities, to restrain our, voracious .appetites -to ^consume* and to 
c6n template seriously.>the ; i long-term j - implications f of j , present-relay 
actions! : 'We, prefer,. .rather', to go, t it r^onet <asi nations, exploiting, £nd 
competing. if dr those resources. .WefayonhbCi near-term material benefit 
to/Mhe potential; long-term loss, t wMh_. pnlyj minor consideration, of .the 
real and present social costs, both to international political stability 
and* \to tthd, developing [countries,^themselyest/The point, is,,w©. hUiY© an 
opportunity ihereito develop new global ptedbapisrjn ©. that .will not ,only 
give .hattrre’ a helping, hand v but will, 1 diminish the jsocialand; political 
tensions! that are mounting, blithe developing world; y kh-b - nq k»; ■ 

~d< >Xn ohP sense,- however, , there? appears tdibe at least ope! firpe 4 consens us 
:ainbngf jhaost jmaj or > countries ^.They.novv,. accept ,the principle, that they 
should *> aid , developing countries* ^ There are.atleast dpur . underlying 
beliefs, supporting. ; this principle-. J^rsit^ security., ,,^he; resli?atiop t that 
-the dichotomy between the* f fhayes’ ’und tbp^hate-np t©’ bbp3ed&$erious 
global! tensions- is well undeiTatood ^.Second* there, rathe h^ef* tp, wbidh 
rls have-just* referred , , that resource ^exploitation in^a dewclppii^ppUJi- 
J tries' ordates, interdependencies with the, deyolbPedTCPdd * v^ldrd^ , there 
i isi ithe /recognition - of f global , problem&trrsucjx , ae i those re^atih&.to... the 
. en,vironfnent>-r^that -will » require, f newn cp, opera tive c a^9-bg©?pente ! end > 
perhaps, International s standard© that impst^be, adnpdhistered xSsr both 
the rdey eloped -and developing Countries-. And ,finabyj ; *the$a is , a,. certain 
i anmi^trrpf >altruism ion , the> parti ofi,1he'<de^eiopedinatipnsj i^rhp,. share a 
. concerpi ifoni the! health,. well-being, (and > aspirations >o£ those, in , ,the 
'developingrhations.)K;Vfjti. j ~o*» <W — t *. t*-* y. tvi ■ ct; > t a a< 1 ) f b; er J.i to die If 
.Thisjiprmciple: recognized ; audf shaded by., the dewe^oping} natidos 
-iwitht>6<»tAo a.sensepf ; mission, , and, , a .©en^e, of Tguilt i ? Epgen^ Bfack, 
i former> president. ; of . tbe ,Woi*ld 3ank,, noted, recenhlX;,; j I«. p Im.rhr/ 

We talk about the existence of a coherent £ ‘Third ’World?-'; * ,f > 
but- in reality it only exists in , our, o'yy.ri / miT>ds Jt ip tl> p. m inda 
lo ■ :• r?,9l>!PSr.- i P> tbe rich ( . countries, 

. > 4 bequeaths to. us : both ra . sense ^ pf, paission i and, a, ,^ense. , ; 

j « ->i p^edictipns, t^n, ^ab^iit^the. : +f 

^. >,i ti Wp^4” 

« fW od* 






Jui .^iddr.lo ribiJsollm tali oya ui 
w>- v .WjV.ubnr. tgt -Utisi &"£<.{<{& 'fiioe -lo boorh nidi ovvilod 1 

Ta^t^oi' the ^prbblCrti f th at ' I have ‘aUudCd^t'O '&ten4^ J from 5 bur- oivn^cul- 
1 pdirs oiit^of dim o-vtfn> eXpei^nde>idot<fi*bmtJthat 

of the pioor cormtxies.'b?XW J is f, iSbi^b < !&iiiehlthat^We' J hJre' det^rmhied'stJo 
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force our own value system upon the 'developing countries, but that 
we often fail to understand * their value ; preferences, which- may be 
foreign or inimical to ils. : : 

; > For example , when we routinely -apply the handy measuring device 
the gross national product — -to compare countries of differing cul- 
tures, we often startle ourselves With the* -results. The point is, the 
application of the GNP measurement to two economies, such as; the 
United States and Colombia, of* remarkably different bases' of pro- 
duction can often seriously exaggerate the real differences in welfare 
between those two nations. - - • • %s - i > • : -• - 

Similarly, on a somewhat less abstract level, the pervading public 
concern over environmental quality, now largely shared by the devel- 
oped countries, is not clearly felt in many poor countries. Indeed, they 
would probably be glad to 1 import our ! environmental problems if it 
"meant a dCcidely higher standard of living for themselves. The ^prob- 
lem is not one 1 of tying our assistance with Concrete* value ^clauses or 
restrictions'/ 1 but of trying to understand - better •. these • differences and, 
through mutual consent, to make ihodifications Where feasible. - 1 

This' is diffi cult.^ It is especially difficult for a nation- such as ours 
Which has experienced 'sO; much of 'what is’good and what is bad in the 
process Of its own' gtOwthr Johii liOcke wrote over 250 years ago in his 
Second Treatise ' on Government; l 1 i- in the beginnings all the world 
was America^’ In this Sense, aU the -World is America in that America 
is probably^the first to experience the’ social, psychological* * political, 
and ideological dilemmas produced by its own accelerating scientific 
and 5 technological 'development: : All this is not to say that the situa- 
tion precludes or ! should inhibit 5 bur imparting 1 the knowledge' gained 
from f our bwn experiences - tO ; those ' nations in 1 the = developing world . 
Rather it is all the more reason — to re-emphasize my point^why we 




viduai developing', Countries as * we Consider new approaches r to global 
cooperation . l a v ).-.:*.: ; - . .i. = .•,? (: •. ; ru 

Reapprimcd-of 9i^dilii^! f ^}kUhdrlH8 w - j v'* *• '’ • •••.•*>*• • ;*;• 

Legible how turn tbnb ^ 1 major area of concern: the development of 
an internlatibnal Science^ policy framework. In the same vein aS OLocke, 
it is ! ^^defi| 0 tdHay that America kas become more candidly eritical 
and d One has only to’ witness 

the B^ntihiihifiow of rCp6i*t-s) c6mimssi6hed'StUdies, and inVest%ations 
to see the reflection of this introspective' arid deliberately s'Obef inood. 
I believe that this mood of self appraisal is indicative of bp Ik the, deep 
-dissjat^actiQUcWi^iAUr -relucl^UUe jbo, pope ( ^th . <$^ge and with: our 
treldizaribh tWhcUr confronted ydth, chapge some pf our traditional 

< prCeept»Taud> yalues A haye:beeii/^ound panting; . e . • 
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: : N o contemporary area of effort niorQ:^e^pli#es ; ti^.QiO|(>d than. that, 
of science and technology. To be sure, today’s , catha^is d^f science has 
been building steadily for over a decade. T6>qiP small degree,, .the, 
present public disenchantment with science and; technology is .partly . 
of the . science community’s own making. It : stems jfrom . one serious. , 
misconception and two ancillary-pfbut- by. no . means unhnportant— * 
failures. .-■M/ ;t ; .. 4 f J V ;>:•}; - >rf i 



First t ithe misconception has .been, that: science,, following World 
War 11, was immediately and immaculately; enshrined' by the general , 
public as a new and permanent 20th century value,, inviolate, end,, 
like Caesar’s wife, above reproach. Jt is true that everyone had been 
impressed: ‘ by the enormously important, contributions of science , and. 
the academicians to< the war effort. However* there was also widespread 
concern — especially .within < the scientific community. .itselij— rover that 
which science has wrought. Nonetheless, the misconception began, , to 
spread. that support of. science! qua science was a thoroughly accepted ; 
doctrine. This view was further enhanced by thp expenditure-, of 
increasingly generous amounts •ohF'ederal funds. 'The, trouble -with all 
of this was that the; general publicrrr&nd the government- too— really 
had quite ; different and more near-term goals in min.d than just research 
for research’s sake. It) has come , as .no . slight, shock to .some in the 
science: community to discover this fact * \ \ it k!T 

Second, what developed during , that; peripd. .was n^prin, ;of. laissez- 
faire attitude with regard to the : conduct , of research, which. . I, must 
admit, ‘still exists in some rqu arters. pf the scientific, connnunity. TJbis 
attitude has . been characterized .by r one. scipnce crjitic as , echoing the 



19th-century businessmanfs individualist: ideology: ,,, , ; , { , 

; htmdred" years Hago -the iaissek-faire ideblo^- may have 1 * *•■■■? i 

“ been ’adequate for ' the needs • of both scientists > and society 
’’ Todays howbver^ the a^rgumente-for 'iinhampered<science’ are as- < - 5 1- ; 
irrelevant as* the arguments' for' free' ! private ' enterprise by -'-i •? i 
: 1: msamhouth cPrpora'tidhs^ ’or the <aFgumenl:S for <an'U‘ni^gulated‘ ' : >'i .?« 
v n : press by the mdss-j±Ledia>mohbp6liesl £ * Kf.'M i .< ..bhj r -r.nl oq 




mune 
and futurp growth 



, Thirdly,’ ,'i Relieve ' the general . pufe^C Relieves 5 that* tne; scientific 
commumty ^^ed[ ‘ a^equal^iy • toVinsme* { pia%'ire^^ch^rest^^ > arec 
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ift *tzhe f pasi > in heiplfag W i resblve , inany i of our Jndnteinporsryj national 




pa^.'On^of the ’greater — v T . ..... . . .... _ 

research capabilities ; 1 which the * 4 National ' Science; 'Foundations has 
been 1 nurturing in' recent ' years .' 1 The'dual 5 thrusts ' ‘ of ! tMsi‘effor(r^ > 
breaking down the traditional disciplinary barriers and developing » 
n&w mechamsira for the timely transfer i of research results 'into- ap- 
jihcatibiis— hold 1 ptotidise foir brining* Scientific’ research into' greater/ 
sendee to; society. r, - ,sV . /•' **? f 

, ! I Offer these criticism not for rhetorical 'effect,' -nor- as the parting • 
shot of One 'who isrele&Sed frbm! the'biirden of public 'oflB.ce/ This would 

• . m - r r U _ ! • * m m ; A '1 S • r i • t t . ' *T ‘T T *4 ^ ' * i V r - > *1 ' J. ^ ^ 7 1 _ m J .A M 




theni' as‘ helpful ‘ warnings. 5 Moreover, in' ma kin g these criticisms , : I ; do 
noVihiply that industry ,t he general public or government areabsolved 
Of blainei^Far fTonr-it. v . ( - b <■,,» n^rr *rWT ’ .->nh 

> i IniihStry‘^ 1L With its preocciipatiohVvnth ; tbe' iinmediacy :of return on 
its ^ investments * hi' 'science 1 and' technology,' its 1 lack - of product assess- ■ 
nkeht 1 capabilities' f ahdy its marginal concern : 

f6r J the physical and ; social: i envirohineh^ shares -some of ithei 

blame. The general public’s fasCihatioh’With iiig - technology ,’ its' 'lack 
ofltrtie' understanding Of’ both ItHe sCienilifidproeess' and the importance 
df -fahdamShto research, • and » ifef sbrndtimbs > fickle haturd* have; con*' 
tributed* ‘gr e&tljf ’ to* f the • ■present otaJ6‘ hf ( affaiia 1 in'dciehoe &nd tech* 
noW^J'Mhall^, tM 'governments bWii 'fraetiOiialkid' Or^an^htion jfor 
science and technolb^'thfe* latjfe'Olf istdMe^fnndhig^ mechanisms, and 
its bureaucratic i^ei{tial.>tQych^i^^^e • 

Alipfrlhe^fweefe^e^ ppin,l<^ ,t£ ja,c^taftl unresojvqd xiu^iqn, pf our 

times-rrhQWjOAnfthfe'BUi^nikofi.sci^nqef^fldrteplnpiolQgy.pe^liS^.YPjipan? 

It is becaatSftjQfjthis.'Mi^P^OSOjyesi so 

strongly <jB9$&Frn§lfpk a 
policy would pro vide, the ^e 

r.nh'nr.lc anfarrypioa iii l.Vitt mmrt^r of this CentUrV. 



science policy. Neither apes it mean a unified supra -na faona I doctivie . 
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« Uetiusdook, then, -at i the (problems! and iprospdcts.f or .broader i global 
scientific cooperation. Andyil wouldlike to return^ fim t, (to > my (earlier 
comments concerning; tbe developing world. *hiT . ^ni Sa-ivim juio? 

* iDr. v | Jorge! Sabatoy technology , manager/, for 1 Argentina’s . ; Rational 
Commission for. , Atomic EriergyP.posed iSome, interesting i -idea-s ini ; a, 
paper- presented before this Panel jthree- years? ago.* In that -paper,, -’Sa- 
batodisbmguished between thei undeveloped; and; developing countries, 
and listed /several stages of scientific development, (which I. believe rare 
pertinent. s* 1)* WJ ».) !•'»'/ • h 5 )i\ r?V; ! i;t; ) -I 



These: key stages of scientific and technological development ;are ; as 
follows : ■ first,: the strengthening; of a , cpuntiqy’s scientific. and technir 
cal infrastructure ; se cond, the .creation of a social.' consensus for .the 
importance of science and : technology and third , the, inVentment stage 
in .which scientific and technical innovation is -coupled ; with >and intro- 
duced into the productive process of the’ country. ; {;i « «{ > ;.. •,? :iv- , 

/These stages are clearly - interrela tedi and there -is some necessary 
overlapand feedback in -the various stages. Moreover, becausereality is 
heterogeneous and; dynamic.^ . • vie must.'consider, these stages only as jgen- 
er&l.gtddelines, yet be aware Of the unique, differences between they ari- 
ot^ ^undeveloped; and< |developing. c<itmtriQs. i iGlearly j the ,• undeveloped 
countries .’are ; far behind, in terms of their scientifio/andt technological 
development.' This is: all the- more reason why the- resources and; assist- 
ance ofiboth the- developihgiand; developed; countries can apd l should 
have i a tremendous positive impact*. Cooperation, then, with /the ; unde- 
velopeduworldfwbuld take OninXhre of a missionary rolo— ^andtl iuse that 
phrase; advisedly— rrthan i might ?£»e .true .With the developing! countries?, 
'i t i Globalt -cooperation (between tthO > developed and t developing f counr 
tried yholds^penhalps; evien. greater (promise for ; rapid t econo inland. so- 
cial) development. The i very \ existence . of i evenlthfe most! rudimentary 
fecientifici and 'technological linfrastrnctiure roan have ia.decidedl “multi- 
plier -effect^ in ! that it represents a critical baserthat is, often lacking in 
the undevelo^ed iOountriesj. uhitiv/ v^ofornf isi baa v>tisios 1<> 

Turning to the question < of giOl\al| .coOperatibn^amopg ( developed 
countries j (this*is<<ainrdr06i .thati^vmOst^promisidg^and. st^ll>ylery (problem- 
atic. It is probletaatibihecsiiuaei of] the ttvaiditidnCali ir^trUaiotr nf t^Otqujas’- 
.taoablof <so viereigntyi iat o ’irhie iproceisa (6f o<wjp€«a^ioni !D/sdpitd*ithe history 



and- Wisdom .dfikCepdingiseioncei^loof. from; nation^ iCorifiict^thereexist 
anany-subtle soivereign Ibduhd arias wlnchinhiMt.global ^oopJeratiOnher 
fwdeii develepedfOountribsw/Andyetjilj tlnnb.wnfare/ ftoNvspeingtta-dim- 
iiinfcion of thesfei baiiiera^Tal^, for<!e^amplehtWireOent ^enc±r<public 
,opimofi^U>intwhidh(66>pMtcent Ifavoi^d/^he'dmerganW of <a®ySOpean 
government that would have decisive' po 1 yersiin.<dimh 7 ftoe 3 < 9 ^^^ 
research as opposed to 15 percent which x\ vored local E'rench govern- 
ment role. Similarly, another recent poll in the United States indicated 
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that 75 percent of all 18- andf ^O^ear^l^s' support j bint iekjplbratidfi of 
space by the Soviet Union and thenUhited States. 'It is Vntefrestihg Ito 
note* that only 48' percent of these > 60-yearrbld's-oii61derf support such: 
a joint adventure. This is Cs’true in scientific affairehefit is m<ecdnpinie 
relations and foreign-aid. What I see, thehjds the need ‘tor- deyelbp more 
fully the multilateral * approach to scientific cooperation.’: ..'o Is-do < a: t d } 
With 1 respect to policy formulation, it Should be Irecdgnized that :the 
development’ of a national science: policy 1 may not necessarily i be re-* 
quiredj much lesS desirable,* fordeadh- individual country, What I am 
suggesting is that within the developed nations it might be more 
fruitful for groups 1 of nations— say, several Western European coun- 
tries— -to formulate a unified polic^ that would serve ’the goals of' a 
specific community of nations. * To follow the- cliche-ridden pathway in 
which international status is measured in terms of such symbols as 
supermarkets and : laundromats would be • foolhardy t ; ; There is no 
reason why each nation should 1 have its* own unique science policy. 

'* Consideration of this point brings to mind, 'a* new type of cooperative 
mechanism that 1 might' be Worth^ufstiing. For lack df better words, I 
shall call it an International Science ■ Policy Coniniit'teej I am using as 
my prototype the existing: Development Assistance Committee (DAG) 
of the present Organization 1 for Economic' Cooperation and Develop- 
ment (OECD) .: ; For all its quietness* 'and obscurity, this 16-member 
standing Committee has provided * over* the years ah' important co- 
ordinatings and consultative' tfiinctioii: for* the > development efforts of 
the free^world: dondrsi 1 1 1 : has* no power ^ to dictate; aid policies, but its 
credo anid: influence stem from the behef- '-that consul tatibn is in- the 
interest Of: the methbers Of Hhengrouj?;: Asfisuchjt it p^ovides an iim- 
portant means for the exchange of: infoimatk»iiiand;positions bri. the 
subStahcef and direction of the :aid [policies-; of its indivfdual niembers. 

• :o T believe T ;that a similar typie of mechanism . miglil be fruitful Within 
> the science ipolicy^iSuich a continuing ‘forum would 

. permit ‘oP Views and^positiohs: with -regard- to the 

„ pursuit of science -and technology within the ? developed nations: and 
in * their •relations* ‘with J the de velbpibg yforldyl«'hjp ; ' : ! - suVn i; X. 

i ItmightalSo ^providethemeans !thmughiwhichtbroad‘er icbllabbrative 
: -■ scientific c aetivitiesdcould - be’ discussfed^andtiforniulated pled V i ■ i dV A .hid: 
X Di W wbrldi tha^ is witnessing themcreasifig alienation of ! mankind, 
there ls anincrhasiiigly great need’ to provide means- fdr holdihg things 
•toge then 1 Tn>thfe d* aspect iJ t belieV©' that* ‘global f 'scientific cobperation 
holds an especiafiy imporbahf jhpmiSe J JAs ; * historian ,* Kehneth Clark 
bas observed,' 4 lack of c6nfidenee( more thau ’any thing else. • . . ' kills 
We >ean desti-bjr-'ourscaves by - cynibisth / and i d^illusion, 
just ^effectively! ks * by ibombsT.? v rafoeb. sv /$ d i »! u<»w -in ti i ? noy « >;•;> 

uioo.l bamvaV.xIo.fdw' \>-s boeorfq'o .< 

h* J nothin ni<3 be»holJf 6/11 nr Ifoq milioffji ,v;hrviin;i?: 
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vwiati a *i V:it>jn jtrrhkfw t ; iti^c'f.£Einxcp&^ 

?t hily- v, '<:•>• x>ri\yA-}'^n*:lO . dCS'i£ eOi^Oimf 

■nu i .:; ciiqwy yw ^ - yi ‘ 
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£li '••!.; <•'.': ••'£;i >•'{' ? = 

; . T his is m.y -first, meeting with- this committee i since.:- my ' retirement t 
as ; Administrator of - the National; Aeronautics; and "'Space - Adtoin ri 
istration. I would- like to. say.firs.t . of aHi that,-, as we come \to • a : time ■ 
when in- our, own 'country and arouhcb the ! world ; mapy > f circes f are. 
at work which call for new policies and programs, and at. a time 
when many of these fall in the specialized fields of* science -andc-astiro - 
nautics, the fields of .this committee,' 1 think lit. is- of great importance; 
in this country and, indeed, throughout the .worlds that: this committee 
has developed this panel ; method of feedback- ithreugh ;inf ormal ex- 
change . of views . with - a; wide variety of - kepwledgeablenpereons,; - that - 
the esta blishme nt of .this) as < an e annual, procedure 1 is rju tribute s to) the ■ 
zeal of the political leaders of our Nation 1 in this field as ; well > as to. 
our scientific, r technical. and administrative ' leaders . 'in seeking neiw 

and better ways-toddcus.'on:theineeds': 6 f{thedhtuiret.;;Ti:> •ioi. boon s tJwuiy 

This committee has devel 6 pedy!l beHeve)(anvimproved- method foi*; 
the leaders' of science and {technology to provide theomemfeers: of , the 
committees their i views ; rand- . to; .come ito • understandbhow . Congress! 
proceeds with their i wo&fk; i These * annual' panel- meetings; provide ; one 
of the best means devised'- for; ! Mem!hers< of -Congress- to.- obtain, early; 
impressions ‘of program; • yields • fromikeen observers and to; -.become: 
aware, of developing trends before; they become major Issues, s, h jr ,1 <1 

There ist another: value.'ThisihelpssMeinbers of-Congress tojevaluate i 
much ; of the j advipe>'they receive. sBEere? they can. assess the ' ability lof 
panel participants, many-Af whomairei specialists; .to understand many . 
of the features* and requireiments bf jpubHpi policy which must; underlie! 
Congressional' processes and : .’cdngressional: actions - *>vz -OjT - I 

Now, as all of you knowy my own major interest is in 1 practicalnways ‘ 
through which policy can be made effective. It seeims bobmeothat >ve 
have been paost pffectiyp.^v^p, wg.b#ye r ^ed ^prpfts pf.^rg^iii^^t,£on and 
admu^tr^t^o^^o^ms f 

of scientific ,and, te t cb^^ 
with 

me as ; a^L ^^|P^trp,tion. 

I say,^ ^prt^t,, ^? r te e ail 

Academy o f Sciences m 

1 Treasurer, National Academy of Public Administration, Washington, D.C. 
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"INTERNATIONAL SCIENCE POLICY’ 



Academy of Public Administration, which, in many ways is a necessary 
interface between scientific knowledge, engineering knowhow and that 
vast environment beyond this naxrow community of scientists and the 
somewhat 




work, must r. ofnfo f tH yflstji riuist make their 

excellent contributions. > gj a iu/ 7 . 

I would like to say that these 'meetings also from my experience in 
the space' agency help > prepare > for the 1 committee ?a.broadly based 
foundation >JofrfuED(d r anientEilnconceptsi<.und4r -which its a members /can ; 
evaluate policies -and ron* /which executive!; departments and agencies* 
can build; the; ■justifications: fortheir ■ aiinual /authorization * and; budget' 
requests. * n • :=Si»t v/*nr *Jnj flf; > il'.’li": :?■' r i; 

- < We -begin* each year oh the work done in the 1 previous year and> this 
panel* method', iu think, r lays siasnl important foundation: fbrs the-work 
whichi comes i specifically < on the authorizaJtiohs .^nd .budge tsi ; ; r.i r l s a i 

N ow > recently in this* if oriim you have istudied' j-ways and means to 1 
advance? toward ! at natiohal* sciehce policy , : ah d you have -recommended 
a national : commission today ; down the? ibasinahgredients , .> iTodayyou 1 
are moving --on ■ to i the i need t fori ‘the ^establishment bf>jah( international 
science >■ policy .and * in sthisrareay ^also] ! you i may. find: several ■: ways to 1 
meet a need for clarification^ ) perhaps more fclarificlatibnvthan -you can 
give iinithese 1 meetings.^ Of coiirsb (this,* clarification must? run- to 4 the 
elements • that would be desirable if ©k iiricori^rations in- -rshch sa? policy j 
Xf-j indeed, you? do ;wishtb; continue through somemecha ni s m or means • 
or further ‘study; i then perha-phyou ‘mightlthihfc ofthe? question oft-ani 
international commission to paralleL your. national! commission^ * or you 
mig ht think bf a national’ commission? oh international science policy it 
But it does seem to me that in anyfoase and fortany mechahismj it is 
important to recognize that hthefs-ar eJatt worki ih these fields. >IT 

• Fordinstance^ recently the * Committee • onyEbreign 1 Affairs ini the* 
House of Representatives Ithropghits Gommittee on National Securityi 
Policy and .Scientific Development; < issued ; a 1 report prepared by? the' 
Legislative Reference 1 .Service of* the Library of * Congress entitled 
^Towairdia NeynDiplomacy inja; Scientific: AgeS’ \ mV ’ V - ?1 

This report concllidesr— . ■ i • »?•> -.‘‘yyu mr* v:m i- / : 

' 1 1 r * ‘ ■ * ’ ' i ! 
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* >i 'Wp i ggBPtfh &ls,Q f ppe^ihed, Qight;4$sues 7 .that., have, hepn chosen; for 
sM3T;as^oJlo.ws?.v ( >j * 7/i) jf 0 V iMi htoraqofovab 
i (a) Evolution of Inter^9 ^ j, ;i -, ?> - K{( jf; r^j,,-,,; 

f»$0h&eb n *«i «|,{.) .xjoH I >.r/fT 

l/s/i«>ir,na ,i?>v6-vo) f-i vuif» «{ ->'.m->i‘.)' 
<sa o v i .Tallin ii .i>!.oi> l^fitVijijrr^Jfii v-Jj om: 

»if ; • w> S J cien^<?, ! ^Rl9^atg. }tJ ( . iu> . 



. .Kiunoit to &i»i;>rj oil* w‘>ii. , oiuqoi!;y h 

(J) Generalists and technical sophistication. r , ; < , . f q r ., . f ... 

vxtoihun V 0 vaolo'j.il-,..,. » ->?! !' 

•id! >«• (^); {;CoPiP^l.tei , 9f {p|^O^f d«^|pll^ . i ^ -: !,- . f i : (>:w 

•i-: the^e? night issues, jchp^ep. |p^{\u^e^^u^r }} ,the Cpm? 

hyttPP* ha-^ proposed; or this report .hias proposed an interesting jinp thod- 
pteyi .&R* t^s^lpctiqp of fur ( ther /issues. fpr ( ^tu4yi, j&p{fea^j^ing:,;, (K 
ii , ^irst, yhp/suhjept: should be; ofsnbptpntitl niQWent; and „be .regarded 

..lorivi;* .• sigohm *'>1*.‘* n otU </« il * “-// ■?.%>. t fioinmrL<>1i!» .•/ 

- : i ^ e PPn 1 d:, r'J'he subj ect sho vd4 have a. .significant ^p.phjoiqal , content, , sp 
that.itjinvolye^ % problem of communication the 

^d^he. .generalist, concerned, j¥3$h , tbpdiplopiati,Cr imp^cations. . . . 

T'llirH T'llD nraKl Qm inTml tta o/\tvia <)naTVAAl /\f 







Pfttjon- of .sciencp and ^pchnplogy f to advance , eonpp internat^onaLpohcy 
States* or it sbppl^ deal w^th^qme ^j, in,/^hich JJ.S. 
scienpp , .and . technology vis squght.tp.be, v -]b^{^j^pip^a&tio 

Wfeffltni «rm>:v^! Hi u ^ta,r* b.rM>. •■-« ehtaff at •.-<<>•>•? 

j ; ! Eourth,H -^he subject i ^hoT^drhave, , h^d; i sufhpiept ^^tinuity .end 
persistence as;. a ; problem before- the diplonaatjc community , to enable 
observation of .changes that have occurred ae $\ result pf^atioPta-l action. 
n I^pfpr to this report, by t thisjsiste^^ a$ qnly pnp.in^Ga.tipn' 

which ,1 jam £ure is welcome tp the, phairmanpf .; (tlne^conmuttep, that 
j us fc iasn tjup; p omipi ttee.is reachingopt fpj*.a ,better iipders tanding , of 
the, international pppprtunities-inheren,t ipspienpe, so is the .Committee 
on Foreign Yj^^s.reacl^ out to, -better/undprstpnd, the implications 
of science for[<hploma i <fu . (il! ,, n ir f b »’* A^-rnon rp-,d' \-U iiZ 
; Now,; perhaps^ the identification of international science^policy, and 
practical yjays; tp, make, it .effective might -he pursued finther. and, then 
maybe some form of j qint effort ; of thpse , two conpnittee^ rnight ]o® 
worth ponsideratipn. In any event, this action by,.^a F^^gp Affairs 
Copomittee sho^s the growing recpgmtipn in Cpn^pss, ; and ^else^here, 
that no apea-of international concern ,can be : obUvipns tpithe need fopr a 
further strengthening of jthe, scientific underpinning pn .which so. much 
of modprn. <ltf©! rests; . an<J.- it seems to me,that ; pn<s .essential ingredient 
of .ap, international; sciencp pplicy is ho^y w.e candearn frpni pur experi- 
enqe u tQ ppahlp ( ileaders> of > naanytj nations , tp . Forik r •, their \ own 

7;.)fio<-| ;• •&> H ••' 1 ! :> ' fu m 'i->i, r rOjftj : 0W: iil-iib'Vigni J ? - .Ps.37oq 

-is* no oi, : ot •&&& trikun o i ?>d 

y ... . •. \ ’■■ .: ■■ 
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• INTE RNA^fifSl^ALi S^lfiNtiTE POLICY” 




h&tiohs t6 miproVe * 'their owh -&biehtifi<j 

engineering development that follows it, relate* * rt v %6- <; piihlid; 
proj ect approval, alloeatiori f ‘ “ ; f '?£■ ; •; ■ 

This committee, and I hope tibfejP^ i^at-Skrhether 



developments in the fields of aeronautic^ a'ncli sp&cbi-The use of the 
air is just beginning; - u - 7 u>,< - •••*'; I s *H k;f >*•': ! s ••• 1 yyn y } y • 

The technology of rocketry added- to that of aerbfiiiitics’has opened 

A_ — _ f — - * ' * * - -'■ - ^ — a. j r J ‘ 4 W W . * « w* ' - ' *■> 4* 4*l» yk 



up vast, new, areas for: geographic 'arid stientifid ; 'studies, and at the 
same time it has provided transportation systems ■ that cah -deliver 



cataclysihic destnietioht6 i ahydestinati6noheia.rthorinthene^sdIar 




weather information, as well as the meteorologist-researcher, what' he 
needs iri ! accur Ate arid' dependable forth. 'Rockery how provides man- 
kind 1 with’ the synchronous cothmuliications satellite’ relay,' with the 
early promise of ecohomicar access to meh, computers y and data banks 
at aiiy point on eartkfrom anyother. f ; 1 ! : 1 y. y ‘ ; 

Rocketry will sodri place multispectral sensors' linked to preplanned 
computer program in positions above the eartlr which will permit 
ah overview ’ of large' regions. Many features of all activity ■ carried 
out by mah ivill’ W put into perspective. Worldwide inventories of 
resources in such fields as agriculture and energy will become possible. 
The technology for handling massiVe amounts of telemetered data 
ih real time’ cah’ soon give the generalfetic human* mind a wide-angle 
panoraina'of thd; mkj or ; features 0f : the (complex 1 situation which exists 
ih' nature, 1 aiidy in addition, can perhiit the specialist to penetrate down 
in tb the ; data -and isolate 1 and study in depth Ohe elerheht of the com- 
plexity . : Ih these : shd many other* waysj: rodketry - is ' laying down 



basib challenged' tb ; the -'older eonbepts wMch 1 have- 1 guided ■ national 
and interriaitional; policies. Ah ; iiicei national’ science yoofi Av fiiiist Aer- 



o 

ERJC 



to cooperate inf their development ahdi hse^ahd we r .hII y -khoW- that this 
means a' l^gbr r sciehce effort ih inany nations ‘ • 

" ii is seldom clearljr stated that the engineer, workih^ toward- the 




mOvihgii . _ . _ , . ... ... ^ . . . . . 

<c^htactsy*'ahd !n in applyihg ’the scientific method 

tb'lus^de'verophiehtahproblen^ oneim- 

portant ingredient we should seek in international science policy 
would be to make clear to national decisionmakers this value to engi- 



neers which, can.? 
of rese&r*c^<fi*4pntiste|pqjtt]^^ 
should bjB. make oleajjjto > 

• • * • " * ■ ' ~ ; ' - - 1 15 - *“ 1 J ■ 



It; seems. tp-me fc^t[^;iJO;f^e rSiQ^naa^i*^^ 
nation, >.: a^d n % thiat > is f ©ije^/reaspa (iWfe f fe#^e>*,{pi^d)^le^oipi^^e vs» 
with, timeivv;;-;;^ ‘Ur tiJldhai JO -‘fdi tU'l'N . f:*:* /i'ioW' . 

In. fthis ; space-age ,ther<et caliber. thistle < A? ;-SP, 

longer as absohite a ; quality, as It once .ym-s-. li^o^erfiil 
cooperative systems challenge'' such older concepts- 
nations jpr, grpups ; of actions tp. .enter or reniain^outs^e systems 

can no longer he ,saf ply . based- .on ishort-ter^oa . desires- ,also 

take .-into account dong-term, consequences. . - > ■•< •? •.. .. ; ->r. ,t!_,-*.i.f sin ou .:; 

. New technology • has ; already fbegun to build into jodse^ 
types of controlled w flexible use characteristics which ( qi3|er tn.any ,.np,w 
possibilities* ; In some .. ways i the, qualities . 5W© ‘ have,-, attrij^utefl; i^9i i t^P 
airplane '. are •; being , built into ; rocket .^systems. , Some tpae Jm^sttioriS- 
we have previously . associated with., rocket systems will,, not ajpjdy : in 
the future- A continuation o£> the* progress v we ^^e n^4e > jn ; the 
decade will undoubtedly- make possible^ the ancprporatlQil . s RP ce 
components as integral parts of complex ajid yeiy effi<U©nt global eys-? 
terns. These systems will ^lso use, ocean and, f air, pompf^neatE, Although 
we cannot, see clearly {today the full advantages of jsu^ehocean-air-space 
global, systems,, dt is ; already . Clear- > that • the - iacorjpoyation of . a ^pa<?,e 
component adds for the first time an unlimited element and , .thus 
greatly extends, the previously limited possibilities tP? rj ah/ j thp > other 
elements. ; Thus, . the . economic i ; j uStificatiQq. l; or , /investments, . jup., isqph 
systems will now have > to takeaccoiiiat ofthis, pnlunited? f P®;tuce , which 
can vastiy expand theutilitylof the wbd© sysi§m. tfeesp. 
decisions, somercertaiidy in international . ven tures-j-r those wl^o haye to 
make these .investment; decdsiPns/ .ean 'gwn. t jga?e.at. dpalifcpin , contact 
,with nationals in : (tk^ir,iQi!m^ 

proper < advice: as > tp< ’the lindts/: tjp >. iwldch fCtWffC?^^^9^1e^gej PPth^ts 
ireliafcle, .operation i There >isy (nothing { more; .daffiepit than ^int^B^at^j^al 
negotiations where SQme national leaders have, to rr^fefr|OP- >9®0 I P^ ie ^i < ?j 

•. «. dyri-Tvfed: troaa outside theirfiOwh tati^. { . > c? ryj^ekm C to! .noilibl \b ul 

■: A 0sxe> d^npor tant ingredient^ of r jan 

bft .t.V> ft m niwii tm ant fby .alii nations to. iah incilBasmShcompe tppi^-tOyfCycry 
nation- avadahlevtoits own national leaders asjMS WArkrt,P-w^rd 
to the ;great tproblems^ that? rlk%iivI1^4wo h^-s r sp.^gIo t ou|j jh.ej 5 ® 
today*.. • f i 'nJ kH\ sou p v o.d frbiuit / el aohioiala owl »3t?yp .octt $&<$, ’ 

- ; lifetime ttH^^PWrtC>:t^tiohsliPOh^HahlI#^ytha1^iJ%-pcifi^M^i/fiqld%l^ l 9F^ 
same new. and emerging capabilities will add trernendous new, cqnir- 
plications. This is true in the national as well as the international field. 
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^sfweiv'«& 



:, ways- yjS ' : 



i’/Vand’^* 






it 



as 
» to 



afe'dc^ tfi^ pS»6EiiisO ‘ -ttfe <TUtii!re‘.f ^ it^seentfs id'nie^ 
should be given to building * a»fban!ieWdrk- ? to Which 1 the* 'total” of f ^ the 
di^bipiltoes^ m^evei^hold^dan 

rdSlistiba^^ those -^cb^piHfeatiOhs 'imdr' find better means ; to 

work together to overcome them. With the opening of space ‘Slid with 
the develbpmeht’Of syst eiksf to u’se its* special •advantages* cooperatively 
TOth* fhe’ ' dd Vantages ! Of ' the" 'OC'eariS '• and il the* 1 'atmbsph’ere^the world 
emer^8#'iiit^ ndWWa. ” ‘ S’ddo dto%- > *yi*i.*v* 

p { i If t? tIS , 6'ftg^i f interhatibnar 4 negotiation ! a f 'framework^ of - policy “Can 
- bdeomb^ a^gdid^ to ali^iscipliiies* add the headers : iii -mahy nations,- then 
it seems to me that we start with>& better Common -basis and Can work 
tbWfcr d 1 ways^ attd “means tb'Ovei*cbnie' ‘these- complications! and move 
toward 1 the pifoirdsC^ which these neW areas bf ^scientifid ^knowledge and 







hve with 



1 ' investment 



.'in their 'own - 1 

ifeacli natioriiii the system deraveSipractical^ visible benefits . ! *’ \ -“-y 
In - effect; '* our ■ preSeiit know-ledge! as ? -to : what > Advanced 'industrial 
nations* 5 dan : do individually and* 'Collectively 'With ; rocket > transport 



tOwatd' 1 inteinatiOnal^cobperatioii ; can* bevmorb ' productive : than' ever 

b^oW^ ,w? ’’ d'lUiei':* b'otimiJmi n>t oh.j&J •>*:[ i -yl ' la'jttoq+iio;.! 




is 1 imp or taiit 1 tb° recognize * 
iVi vORf ft 1ii ft edilCcLti6n and^iSeSe'arbh dsM diificUlt' J and ? requires £& 'Certain 
amOhrft <•*>£" confidence 1 ' ito the^ “future;^ afti expbcftation ^f > i, at * least > 'a 

Of* stability . * The 'Same 1 isitrub of * any^ecoiiomid system 



ne'ed* fdr tocifeSSiiig those? factors' that fbufid iconfidbnee',i particularly; in 
theleSs 'deveibbe^nationsid j; >b m no** in ml y* ! 

In addition, for a science policy *to be* effective ais* a£part*of *ak ihter- 
nati’bhaP 'ebde^of^ Conduct 'and' ’to repfesent^a> eommon^^^^ 
aspir Stibft^ it 1 tflUst Off dr 'cleatf benefits « f bn ' tfibse^nations* which adopt 
add folio wit/SOmC Of these benefits' must extend beyond those which 'a 
'; haf ibii 5 ba*ii ' expect' froto “iti bVm >indlvidifalf nStionab 
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: f • , • 'The. quotation. is , e,s jfpUqvrsj: xlif-vh n V» y;)?fo'» -> -r Ll ■ . 

• / > •!?• Though there is mo such thing- as < an international 'Scientific 1 - 
! : policy; there is ’afc'leasta systemof>internatiohal : relations in ■ 
■’if 1 ■the scientific- 1 sphere; This system is not -immune >to political ' 
f st^ssiasV &nd : it is - greatly affeicted f hy ; the activities ’ of 1 gov- • ■ * 5 
1 >4 f > erriments when thejr intervene in* the projects institutions andi 

- vestments iiponi which science' - depends. :i >' '■ ' • ;| 

‘ And I tiling wb^we ^e' : s^mg J is ,; a [ more persistent requhement for 
intervention in’ the 1 decisions 1 affecting the 1 scientific : community th an 
was necessary in years past.* Leaders hrid nations cannot stand aside 
from participation in many , activities which for many years they paid 

-i-i. -■ :.V u' V>f‘ I'M 1 1 f.MJjn.n >Vt! *? 0 ; -V-'l 'i > 

little attention to. , 

’ The second quotation ’from Dr. - Salomon is as follows: ~ f "' ‘ 

.. /. - i ; >! •- : '.To ‘a '//<•■■■ ' f ot -r I »-'• i . ; J ■ ' s h'riy. i: . '■! 

JExperience has shown that governments will not undertake. ; 
t . large-scale combined; action and set, up sci^tific organizations > 

. (or extend the, competence of, some eating, organization, to , / 
cover scientific questions) except when prompted by one or , 
more of the four, following motives— only the first of which :is. ; 

/ } ; purely -scientific : r , ..-•.i;,,: - . -»»!•*.• n iicrtxr ; a ).o \;irr:-h r 

. . 1. The resoanoh, is tq be ,4eyq ted,, to . an essentially,, extra- 

national subject (meteoroiogy, oceanography, etc.) <>,;-i; (l|i ,, 

2. It requires expenditure which no couptry-could. meet . 

_ from its [own rqspurcps (nuclear, research, spa.ce.rpsqarch, etc^j . 
j j , / 3. The, sdient^c^a^ivitios in ^esj^qnu^n A-tb £on T ,, rj { 

H * c ? feo s,ox)ai © . wid.^ e.<?ppomip,ior militw?y f proj.ect fqp ^hich; . ..j 

the countries are pooling their efforts; 7?>on; •>: ; 

s ; ^aa^ticip a.hio;ri. t prm, ,pf , ^schsrL^diic, t coop/OTju.*iqri.t iia ; 

; ; , , .likely ( to enhance, pr ; n^W t£ ^ . . ^Ptiifttion^t-prs^tigo, qf 

l. ; -u j ; f. :( f *»ib o} •JdnVu^H •:»<! 

- - - The events of redent years have hot given evidence of A great change 
-in these statements made in h964i>!Por>thosewho 'believe that <intern.a- 
t tional cooperation* cam cure most* of the' ills bf' ’the World,' ho\vever; i if 
We could»}ust:find ,j al wa^i tobringit>about, itusimpoitant' to note^the 
i absence . Of i any ;rbf erehee tb* cooperationi fbi* the * sake ' , oh , cOO i p©tatioh. 

If cooperation for the sake of cooperation is a 4 desirable* goal*, and I 
am one who believes thatidtfisyibothf for>mdi?HdualS ahd nations,-' fand 
i. even a ■- small 'area' of » Cooperation j gives the hrojfuse of oMargement' of 
! the advantage' of all those cooperating,* then 'it seems to - me 'that /the 




- in to more ; 'specific ? * 

[ specific thin gs which meet this criteria set by Mr; Salomon ?' ' i >■ < ( ■ 1 1 
>4 1 'Have we learned' enough about the conditions essential for > advance- 
ment Of science and? the gatheHng of its -benefits to propose a joint or 



“INTERNMitj^AIi^ StJiifttfCE „POLICY” 



cooperative policy of a deliberate fb&t^tiiig of ^tKb^ ^d^ditions f w£ich 
produces scientific advancement, by- m any n ations within their own 
economic, political and social; structures and patterns of life? ;Isr there 
a common set -of; criteria by which) the leaders :of; the nation can tguide 
themselves induing those things which they scan reasonably expect to 
lead to scientific advance and without which they are not likely to get 
it? If so, perhaps this is an element ifor- incorporation m an -interna- 
tional science .policy. The very fact that all. hay e agreed on this basic 
requirement tends to inprease, the capacity for intimate discussion and 
acceptance with confidence that signatory nations will be guided by 
this policy. . . ' ' . ' . ' ri : ' ■ 

Could a major international policy goal bie to substantially increase 
throughout the world the amount of effort dedicated to scientific 
search in an area where every nation needs to know more than is known 
today'? - < • ••■■■■■ ■ •••.•* ; 



Can we build on our experience in the International Geophysical 
Y ear and the International Year df J the Quiet SUnso as to evolve an 
in tefiiatitmal policy related to further study of thd sun under which 
all subscribing nations could justify national investments and the un- 
dertaking of a commitment to follow the agreed international policy 
though the level of sophistication ^ks Very' different in each of the 
countries? ■ , /u< ««*•(•••• ■■ ... 



Could one gotd of an interiiUtioritfl sciehtific policy he to increase 
the ability of all nations to use the Scientific method itself in approach- 
ing their ’own'natidna’l probltrUs and thus increase, oh an international 
basis, the total affect of the values to' be derived from tfh 



method? 



the scientific 



Is it possible that Uhder sdih 0 f Orm of in ternatidnal science policy, 
a steady: increase in the competence of scientists in all nation's could 
he made available to the political leaders of thoSe' nations so that each 
nation would have leaders and diplomats in a better position to nego- 
tiate those ^internationail arrangements mfost -conducive -to the achieve- 
t taent of.its national -objectives? ILet-me repeat, political leaders need 
the , assurance that ; comes from confidence that they cam rely on the 
knowledge »of ^citizens ; of their dvm country rather than on those from 
f other Countries. / ■ : -r ;! j : 






! ; :Is it possible to approach this; problem defining -goalsfor an 
international science policy 'by assuming that for a particular nation 
the state of scientific j inquiry >ahd its relationships : to . education and 
itor technology can be:assessediand iimders>t6od within the. forces at work 
in fhe total of thef ecohomic, social; and politi'bali system of that nation? 
,‘Jf >it is possible for an individual nation either fondts-own or in associa- 
tion with othem -to make this ; assessment, ;and then , to seek, practical 
andi effective means; to. -remove difficulties and maker mol*e compatible 
, to; scientific: progress the environmental factors- which are! most directly 
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wnexner ui uut .tuo v “ r ,7 .. , :,..^, Lui ,, JiL . 

haitional ^oal^the go^d of substmtially increasing throughout the 
wdrld the total tise of the rationale approaches of science and the 
development of technology from these : activities:- 7 ^ ’ f! ; ' - 

Perhaps in a 1 Very practical veimi I eould end hy saving there are 
about four, maybe five, concepts which I believe can start at a rela- 
tively small level and offer the possibility of enlargement as men and 
nations work together Within the framework of a policy. 

The first concept is that of power together as against power over 
others. It Seems to me that the United States is in a particularly good 

position to say to the World : We have developed Space activities and 
many other activities oii the basis of having power together _ with 
other nations over the forces of nature for the benefit of mankind, 
ahd we have hot used them for major coercive positionsof benefit to 



irscivtsb 

A clear statement of policy on this adhered to by nations, used as 
a guide to judge the actions of nations, it seems to me can give much 
assurance to the less developed nations as they join in these interna- 
tional efforts. 1 ... 

The second concept, it 'seems to me, is to make clear in policy state- 
ments and in actions taken hnddr the statements, the value that the 
Competent scientist and researcher hak in areas beyond the extension 
of scientific Or theoretical knowledge— that is his value to his own 
national leaders in their international relationships, his value to engi- 
neers and ‘others Who are WOrMng in' the developmental areas to deter- 
mine that ‘bouhdar^ beyond Which Scientific knowledge at that time 
and place dbes nbt permit the reliable operation of machines, equip- 

meht and systems. 

It seemS to me iS 

couragirg the kind oi mreuiectutti leuaci^mp — r—r- 

eral areas ‘atound 'this scientific group: It is 'the intellectual exchanges 
between ^Oiphnes, it seems tome,: that We need to'build oU m a 

cooperative 1 Way. !; ’ V ' : : ' 7 . , 

l.» 'The :i tinrd cOndept/ fo'seemb tome; is some pOhcy that makes^clear 
and can be relied oh that udVanceS iti the education of: future genera- 
tions is directly linked to the existence and participation ‘Of scientists 
in a cbahtry , pkrticularly : at the graduate ’ level. This is nbt clearly 
1 accepted arOhhd if tiie World atid if nations Uver a ! period Of years /could 
! work Under Hhis concept j and if mterhational pdliCy could makb 4t 
-easior^for national lieiaders to apply teSOhrcesm' this way, 'under this 
policy, I believe a substantial advance could be made bn which thither 

‘ advance cOuld bemade ls!ter; ; ^ K ‘ U; f..L 

- - It'Semis 1 to mo farther that' We 1 ’ heew more m : the Way of’ a pohcy 
statement and commitment along the line of investments in basic 
58 - 118 — 71 7 
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research support, ; support, of,;basip research is; an. hzyesjment vtl^tj .wiH 
mippriant; economic, retums-.i , 3?erh aps ^an, i^tern^tio^ial ; .policy 




yield < illustrations: that, --vs^ill . .perpiit,. - no : matter f ftyhat , the cppppraic 
system* of the r -country . is,; , a.. larger .allocation ; of .resources jfrom (the 
economic system-, to , basic: research fosleriug these other relationships 
; Vfhich I haye. mentioned P, , r •>:! r ium ! ,/■■? rW/h 

Finally, itseems to me that we need bo find a way, and l am less 
clear in my mind about this,, to make i it; clear through policy,, pr exper- 
ience under policy, that whena nation moves from, the .area of scientific 
research, the advance ,of f knowledge . to. engineering - design and, then on 
.to organized. use, v pf ; resources, there is. a, competence in , the , area . of 
organization and administration that needs, tojbe, brought intoplay 
for success and that . nations, can cooperate .hr these related fields, tha t 
is, in organization and administration, closely allied with engineering 
and, science* as well as in scientific pursuit,, 'There may be less difficulty 
infringing this area of coopera tion, into, play . than in sorpe of .the more 
sophisticated scientific. areas, [. ^ ai ••••i *»-•>• • 

I would like to add to that something from the experience we had a* 
the National Aeronautics and .Space Administration., 7N& j^d ;; try. yery 
hard to spread the rnost difficult -problems we ha.d oyer a; yery large 
number of able minds, supporting a-wide. variety ( of i scientific and 
semiscientific work , on \ the ; campuses , pf.;many , universities ?and then 
-epdeavoring, through > the? ... sustaining . ,* iWTiersiJgfr pyogrwn,} to £1 foster 
an. idea there was a legitimate and proper, role for/.r^CWch^scient^ts 
to -play jin ; connection , ydth[ the; application pf 

to , allocate , some small part of . their, time tp, ( u§e them keen, pitclie c ts 
to try to find ways to help au engineer who was workdug^a.t L the yery 
forefront of ; scientific Jmp\yledge , on mal^eti&ls or f envuonment , tp. know 
-that » point beyond v^hich ; he t should ; nqt j proceed?, rhcywdwWbdcji fie 
wpuld get= unreliabifity \ and , which. ,he ipust, cudpaypr^to ap- 

, proach, otherwise he would, drop short of what ;was possible . , , y> , > v/ r , J4 j 



-attention tp tapplicatipn/i’ lB.ut; there was a .growmg awareness that; this 
was a. legitimate, and proper role, fan4.it seems tp paej that >i]b { is a- clarifi- 
cation of . that, interface i between .the \ brilliant . apdr ft}?!© engineer who 
, is trying to reach out, as, far SS he.possibly - can at, ,thc/c^thig. state of 
knowledge, and who needs to, know not oz^: ; •• thp A i^csearcfier 

thinks the front is at the rpomen t, ; but the trends ,j ; where . the front is 
going to be,/say, hr, a ; fpyr, m,ouths or a few years, ’i ' ,* , v .■> ;] : K i ’ ) ’ . - ' ’ 
That is a perfectly proper and legitimate functipp and, one which 
many can accept, on an inteUectual .basis, and .op^ a , mriltidistiplipary 
basis. jfV' Wl.’flsi ri'.i'i.-i ■ Tii t( ' 'i i; 
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; ofv ft of the most urgent ^ueifaonsi^aci^ ^ /o^inot 

id^iatically obvious that theworld’s conso.ence has 

£»!StS»j5?£3£^ 

poverty: ah around?j . - ; ... •.«<•• • • •#• . ^ V»efora 1950-^— oy ■; -at > least the 

^iThis sort of question -was. not asked. Wore 1950 

fdr an. i answer had not Ibecom^ insistent. ,Jndesdj. beiore,,i9ou 

Loosis— by which I mean the phenomenon of somocountaee beo^mg 

Icher and richer while the newer nations, are. V«~g rolaUyely 

and poorer^-hlthough.it.was a symptom, of , om^imes.rthad 

^hLome Lcoanized. as .a.feature of our economic landscape., I ,n , 

Sm^SeS 

•"Pt ^in+ioiv to< thU : broblem does 1 not tlie ht -simply fg,ettwg ; nd « of , t e 

^.»«“ “» *” »• 

ination.s.i . } ; ?r,'i< - H.a. if i <*.• • r; ^ £,n<J ' il ^ n *’ ; ' ^ ’ 

— - — - — ■ , . + V fl Wacuitv of Atfribrilture, University of 

., ;,.... ...... i.<,:ii-v ..: jail# <ioi.r'n-*t:oo •• W»r..o 

■•'. r • ... ,, ; :,?•}•* - V . A = 'fi •:'>•■• < < u , .■•■ >■''■'■■ 

- j.'U • ••••' '••••- * l ’ ’ 1 
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Technology and science have a crucial role to play in this process. 
The play we are talking about could take two forms : First, by apply- 
ing existing knowledge to a particular science-oriented problem. Sec- 
ond, by identifying problems of peculiar relevance to the developing 
country andstonjdpv^lopmg ^ 

The first method is by far vthe ^asmr path, to take. Cooperation here 
takes a simple know-how, and it can also recruit foreign experts to 
put into operation the accepted uolution.to the particular problem in 
hand. 

The second method is much more difficult to put into practice . There 



is no capsule of knowledge that one simply feeds into the factory, s 
conveyor belt; neither is there the so-called expert. The best hope lies 
in using the scientific method m coming to some- kind of solution.; 

It is in this second set of problems that one finds t the most difficulty 
in securing international coopei'SitisiSo For mticis help others- really 
to help themselves. Certainly this* to be- the truth in the democ- 

racies; aid agencies must look o^er their shoulders to , see what the 
voters' reaction is to their actions abroad. - j ; 

To take one particular example: trypanosomiasis, the dreaded dis- 
ease of sleeping sickness, is perhaps one of the most wasteful and Jailer 
diseases of cattle in tropical Africa. It is found nowhere else in the 
world, for its ‘transmitters are tsetse flies, which ; are hot found any- 
where in* the world except tropical Africa. The control of the tsetse 
fly population will mean the long— term control of trypanosomiasis. 
The benefit to tropical Africa would correspondingly be enormous. 
Any foreign nation that would help in this, task would be helping 
Africa in a vital 1 Sector of its eoononriy. s 4 i- : a? • : • v 

Yet, what benefit would the assisting countries map from such 
cooperation? There is, of course, the possibility that the receiving 
countries would express their gratitude for the assistance 'given. If 
this happens-^and it does not always follow that such gratitude is 
. automatically expressed by- politicians, for reasons I am not competent 
to stated-then the voters might' feel appreciation for what they have 
done and leave it atJthat: v \’" ' ’ 

> - iEhl t there is ? tmo ther side to tb© story that! think we should explore . 
And - that is the benefit' 'the whole world of science obtains from any 
advance anywhere in ; any field * of' research. The ? fallout from tech- 
niques df controlling -tsetse files might well trigger off; new th i nki n g 
cf >bow= to Control other insect pests by novel ibiological methods . / It 
I mig ht tell hs somethings relevant 'about- the ecoldgy iof anim^ popula- 
tions. This, then, is my hope in considering questions of international 

cooperation in, science*. ; „u . » •»?:-; i -i ■ 

new : enthusiasm is spreading ' among tlief political leaders of 
Africa^-the conviction that science and technology can be a major 
factor in advanping their development goals. This is not something 
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v oils (for example in Zambia Y Af 4? ^ national research eoun- 

of science (for instance, in Ghana) Ind^he”. 0 * I®? 6 ® 01 d®® 68 

ad ™ ore {^rtiesflarly encouraged by ° f S ° ien ° e 

pr " bl ? ws of m»jor proportions, 
and technologists who c^ anS^^ ? P ^ y »#1 scientists 
lems relevanfto their 6f ta <”^dge to prob- 

novel frontiers of knowledge. : . . - , cora P©tent to create 

equipment, add t^ worte^h^o” ^^^^ e # Physical fa ® Uit ? es ’ th<! 
updating-are wotful*£^*£ mainte " a "««.- Nation or 

tiste that am ^ cTotor' ^ the ^ ***•' 

the consequent information u ^ deyelo P m g countries, and 

Lastly, bln* eSment 8 PVsical reaKty. 

there is the almost inaudible feeling that^^rica’sh 016 ^ 0 ,“ deavor: 

- -** i^sssaaaasr^ 

Mechanisms for international science cooperation :* v* • • ’ ,-. .. •* 

national boundaries Indeed interns*- t. Science, hke love, knows no 
become so comrSaCeoW '■»'**** 

a truism. as 

international scientific cooperation. TOaTl^^f^ ^ Praises of 

ttfemoITdeXabk f ^ ^ 

. 2 \ Tlie scientific seminar, meeting or conference^wl^VV* h *■■■ j , 
to serve more 6r le«« tte domn v -x- ; • . ® nce ^nich has tended 
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‘ INTERNATJO^^ S^IE^p^jPpiJCY* 



giving paxtipipants ia chaiice >, to,. learn ..;of< thp f , latest, j and: sometime^ 
TXQsoIi4ified. fi R^in gs fyom ,R f ar-pff; laboratory: Itsgreatest value, {how- 
ever, , is . in /facilitating: the est^bJ^Lm^nt of .close personal 
tween scientists of the same general interests. > 

- 3 • The ( wandering scholar— ^and , his; ability to acquire and. transmit; 
information . directly: The American 5 physiqist, , Robert , Oppenheimeiy 
was perhaps^ the most ardent exponent of. ..the . wandering . scholar in. 
recent times. He, believed that; .the most; , efficient , way to collaborate 
internationally in science >was to let: ypnng scientists, work in gopd in T 
stitutions, let them wrap up the best infonnation inside them, and 
then . encourage, them .to, .. -woijk* in - ; other gpocL institutions • elsewhere.* 
Post-doctoral fellowships and allied schemes are intended to dp,some- 
thing of this. sort. , ^ - e ww/.V 'w vV.h-'’ 

4. Patenting and the selling of knowhow., j,.,? , , l( . [ •><> 

These are still potent , weapons, j bfawhere are they most, needed than 
in the developing. countries. And. nowhere, hpv,e I recently seen a more 
enthusiastic support of these mechanisms for a developing region than 
in the report by 3>r. (jleim T. . Seaborg, ‘ <3hairman of . tire IJ.S . Atomic 
Energy, Commission, ; in the course, of . discussing . his , 1970 ' ‘scientific 
safari to Africa,” ‘ ‘ i 

There are other weapons,, newer mechanisms that are being tried for 
their, efificacyrr-tnot, becuase the plder methods no longer work but . for 
the reason - that, the ; pace :pf scientific . advance has; become hotter and 
those that/ had not started on , the histpricel touch-line with the; scien- 
tific traditipn are likely to ;b.e ? left, behind eyer ; more; hopelessly. 

Centers of excellence . •. .. 

The newer mechanisms that , appear jmost , exciting, . at least in their 
international, implications, are those that have been grouped under; the 
omnibus term.; of . “centers, of excjBfience: , . , ! or/ ‘concentrated, research cen- 
ters” or ; some s irnil ar terminology.; These centers rare certainly ipapor-? 
tant for the .physical, sciences as w.ell as the life > sciences.. But for the 
latter they hold a. special significance. , , . ... ’ . ; I ... ' , j 

While the physical sciences are basic sciences in the sense that the 
order the investigator studies is of a high degree j is .more, or less, pre- 
dictable, and is j subject to . mathematical . laws, the life sciences have 
an additional dimension — -what w© shall losely caU .the ‘‘life princi- 
ple”— that; disturbs, or alters this ; physicoj-mathematical order and re- 
quires the biologist to be more tb^ 1 . fi* ; physical scientist.. In, this 
situation .the possibility of constant interaction .between the. physical 
scientist and the biologist, one variety .of a, biologist (for. .example, an 
ecologist), and. another .variety', (for, instance,, a biochemist) is vitally 
rmportant. Qonseqnpntly, it is woi;th exanmiing the centers ; of excel- 
lence with] this, possibility m mind... a- 
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i; r The tjype ! ’Exemplified' ; by ' the 1 ' hi£h-pPWered/' r mission-oriented 
fd^cdrdli\'iii(stitut^ Sponsored' by tbe- Ford aiid Rockefeller Founda- 
tions; for example, the 1 International Rice Research Institute (at Los 
Bahosih’ the Philippines)' thO International' Maize and Wheat Itn- 
plrbvenien'tlpehixe' (itt' Chapihgoin 1 Meixico)} and the newly established 
Internatibhal Institute of -Tropical Agriculture (at Ibadan in Ni- 
geria).' T will 5 call thbse the foundatioh-typie Research centers; ; • ■' 

y g; iThe hew'mod'el exemplified by the International Centre of- Insect’ 
PKysididgy ahd ’ Ecology' (ICIPE) located in ’ N airobi in ’Kehy a-^-the 
ICIPE model. - M • 

i; i Will take these' rhodels' in tilth ^d discus's -their ’ broad’ objectives 
a’hd >: their ; *•’ implications ' > for ' ‘ maximizing . 1 international scientific 
Cooperation. vilu: snnov -vi’ but^ 

JlI’ l±i . rift*:? M .’J,:. f Ml! 'tjji; UMilMOi y r.'.- r 

l [ he y 'Tries^f model of fiesewrch centres , f | | ; , . 

.jjl,' discuss $h,e Trieste • hunter ' htph>st. humility, as. its first : direc- 

tor-rT-Prof .. Apdus £>alana; is, with us here. . , • : ; ; ^ j. , •. 

One pf .the most intractable problems of thet scientific conrmunity 
in developing countries is the feeling of intellectual isolation and its 
twin, isolationism. Professionally qualified scientists in any one field 
are few; and, far , between; , they rarely, visit . pach other’s laboratories ; 
thers araleWibighrcajlibre scientific .societies where, one can test out his 
intellectnal muscles, j before his , , peers ; funds , are extremely hard, to 
come by for visiting advanced laboratories abroad where one can both 
explain one’s research work and derive , new sustenance in one’s spe- 
cial field; , and, as soon, as one shows unusual potential as a scientist, 
he is pushed on ; to, doing unproductive work — -administration, com- 
mittee work, et cetera . No wonder many scientists in developing coun- 
tries eventually , ; assume an, isolationist trend,; they fear, perhaps 
unconsciously, to expose to the world any inadequacy in their scientific 
achievement. .... .... .. ]. ... 

The splution-r^or ; one, of the solutions— to. this mammoth problem 
is to mount a fundamental attack pn the impedimenta on the way, to 
the* maintenance - of .prolonged contact between , promising young 
scientists in developing .countries and the best research work going 
on in the whole world, including that in the ; developing countries 
themselves. This is the task that Professor Salam of Pakistan set 
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hims elf to ( achieve. 

In 1962‘, Professor' Salam established the Internatibhal Centre for 
ThePretical Ph^iCs at Trieste. ’A.i‘ the same 1 tihie he created a totally 
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new fellowship scheme pf ass© c^a,t eship^ • The , pj^ppjpai , , copcgpfe be- 
hind the scheme is that the Trieste centreiig a perp^anept meeting place, 
of young scientists of proved potential end ability, who came from time 
t o time over a period of several* years to update, their knowledge and 
find new inspiration for their own research programs, bapk. at home. 

Active scientists from developing conn tries; are granted a^sociate- 
ships to enable them to work at? Trieste for short, or* long periods of up. 
to several months,; extended over several years;* to . attend inrdepth, 
courses of advanced study in some topic of special m^pcest* to partlei-; 
pate in a program of seminars by distinguished . visiting scholasr, and 
to do some, quiet thinking on their own current, research The co.st.for 
such attendance are met by the centre; the orJy obligation on the part 
of the grantee is that he continues, his normal duties, as a university 
teacher or research worker during his periodical return to his. own: 
country. ' ; 

The strength and significance of this model lies in its providing; a 
sort of . traveling fellowship in packages spread over a relatively long 
period, thus ensuring that the young scientist stabilizes his own 
programs at home while feeling that he is very much part of the 
intellectual world. Indeed, the cross-linkages that have developed 
among the ‘‘graduates” of the Trieste Centre have created this condi- 
tions for spreading the intellectual peerage in theoretical physics over a 
wider sector of the globe than one would have imagined possible’ fevCn 
a few years back. ‘ • •• ■ • r;: ;rh->-,;v • .b •.» 

The associates have now become ah international club of accom- 
plished scientists, whose members are familiar to each other, and who 
halve worked out for themselves an internatiohM language of under- 
standing that is likely to prove of potent value : in the next phase of 
the advance of physics: <• ; :v. 



This niodel is capable of breaking the back 'of the problem that 
Professor Salam set out to solve. It could be repeated in other physico- 
mathematical sciences. I am not certain that it could make such an 
impact in the biological sciences. The updating of knowledge in the 
latter, and certainly the communication of worthwhile information, 
requires that this be done through some form 6f symbiosis : by imbibing 
new information, by learning new techniques and procedures through 
some process 6f apprenticeship, by actually going and' working in a 
laboratory with your colleagues and Scientific peers. The life' process : 
is so subject to ! infinite variations by emdrorimerital ' factors that the 
search for universal biological laws is 1 not the exciting prospect that 
it is iri the physicS;l sciences: * f: (l . bh: 'M, ;b.r *?• 

The fomidation-type research center 
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The. rlnternational Institute , of. :T^opipal . Agriculture. (IITA) y/as 
established in duly 1908 as an ,^tqnpmou$,^ taxr 
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exempt Nigerian corporation. : It forms part of in international not* 
work of agricultural reaserch institutes sponsored and largely financed 
by the Rockefeller and Ford Foundations. ? . , : v - . , - . . ; 

' These -are the International Rice Research Institixte (IERI^l in 
the Philippines, \yhich over the last 8 years has pioneered the devel- 
opment of new rice varieties and has produced the technology that 
has led - to the “green revolution” now sweeping through Southeast 
Asia; - tiie International Maize and Wheat 1 Improvement' * Center 
(CIMMYT) in Mexico, Which has spread out to many areas of the 
world new varieties of wheat and maize that have a much higher 
yield than traditional varieties; the International Center for Tropical 
Agriculture (CIAT) , now under construction in Cali in Colombia, 
which will focus its attention on the improvement of tropical pasture 
and of tropical livestock production; and the IITA, whose major 
concentration will be the ■research ' and socio-economic studies neces- 
sary to ensure the attainment of improved' and sustained' yields of 
food crops under tropical humid i conditions. This network offers 
one of the most striking physical realities of the visionary foresight 
of some of the philanthropic foundations. : :r . t - 

The traditional pattern of farming the soils of the humid tropics 
consisting of a system of shifting cultivation, in which the farmer clears 
an area of its bush and Undergrowth and plants it with his crop, from 
which he gets his living for 8 or 3 years by which time the soil is 
likely to become too unproductive for further cultivation.' The farmer 
then opens up a new area, while leaving the old land on Tallow for 
10 to 15 years, When it ! is j once again ready for a repeat performance. 

' This cultural practice has served tropical peoples well; but- with the 
rismg popiilation. and* .widening '-horizons, f the pressure on land has 
become inCreasibgly great. > Consequently, even in mid-Africa f where 
population problems are still minimal, the period of fertility-recover- 
fallow haS steadily-contracted, and ! there has been a consequent 
* drastic decrease in crop yields. .•»>*<;:!»!. • i x i . ■. • : ->i • . > ; ■ 

. To aggravate this "Situation even, further, the high temperature and 
very humid conditions that persist 1 throughout the year in the h umi d 
” tropics n accelerate . the '.chemical . rand' . .microbial : processes ' in ■ the soil, 
and ' the organic’ matter is 1 decomposed * much 'more rapidly than in 
more temperate- regions^ Ijeaching of : the nutrients>is on a large scale; 
The- torrential rains run Off With the best top strata of the soil, leaving 
la teritic soils' that are much more' useful for making bricks and: plaster- 
ing' walls than for* sustaining plant i production. -• i : !,< /: 
j Finally; the tropical’ insects, the luscious weeds, and the plant dis- 
eases* all combine to make final crop yields only a fraction of what thev 
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add to his income. ^noliafunioT tj i«> :I fcmi ioflelesboJl '.ult vd 

i j jThe i UTA - has ; -been i established! JWith ; the, ( aim • pf'> reversing;. these 

the 

_ is, 

also, aimed at .developing new- soil and crop .management practices that 
will .stabilize! the peculiar soil /conditions of the tropics, and thus ; lead 
tof a sustained and permanent cycle off cultivation, s ' ; .r ov ]./ 
.Substantial research has been.done. on the cash crops one is familiar 
with; in ithe tropics,; such) as cacao and; oil pahn, |and ( these are ;now. ;a 
valuable currency in the > foreign , exchange nmpketupr tropical, 7 coun- 
tries in Africa. Relatively little) research , has been ; [accomplished, on 
the hasic. food crops of the humid .tropics: the protein Trich grain leg- 
umes (such as cowpeas and soya beans) ; - the, {Vegetable crops i (for . in-, 
stance, ! eggplant, green beans and tomatoes) ; : and the? root crops,, (cas- 
sava, yams and sweet potatoes) . .Much, more research.pee,ds topbe done 
in these areas. 
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There are intensive programs of research>pn the j cereals,, each as 
those at iIRRX and GIMMYT; and .the! cereal: improvement programs 
initiated by a variety of, ageneiesi (iTJ- ,S. f Agency, for, Inter natmnal JDc- 
velopment, the i Rockefeller [ Foundation,- and j government ;mirds tries) 
at Serere ; (in Uganda) and Ahmadji, Rellqt ^di^ersity,- f in. Nigeria),. • 
But no such programs exist ifor the other < ?naj pp?i food ero,ps H <j O J T ; 0v {-{ 
i . The IIT A , will jfobus -itfe scienfcific<maop.o.wpr on ,• the < explpratiod; pf 



basic igerrn plasm, improved: genetic-combin atiop$y,adyan,<?od breeding 
materials, arid the most productive; and ocodbmfca^ ,me,thods 

for! these cropsvltaimstto determbie£j#uc& dndilddttah sro$§ff^ *POr 
tentially most: important in, termsi of ^productivity 1 jutilityiiit jcrppping 
systems,econoniic returns add ^potributitjns tehii&pyflftpjdj 
trition. r This f is - a- giant! task! Tt> has t made 1 the ' sppflsprsL edathe/id^titu fee 
look to its tools for the task in hand. q 01 o err framr joob odsivrb 

i , 1 The i sponsors have i early repoghiaed. theidea^th-fd * qp ahfied^p er son- 

del % in the field of agricultural? seiedces ; -in /.the. tropics,, They , set , x its 
major, igoali at., doing, high i .quality > research worl & fwithj the pidPOspf ql 
aims of solving s a pressing, land {long . term* basic, agri,cpltirral pr o hlem f in 
the humid tropics .[But at ithe same thneith^^PPOao^ha!VP‘t.%ked meas r 
ures , that might well , afievjlate >the 'PhofltageTpf ispientific hramppW©r jin 
Afirica jbyi whelping ^tq ^am.jgraduete,*, students mtP effgripwhyF#l; >¥#■ 
search scientists, who may , thedqrftt¥ird ^hthOcagi^l^ parch 

organizations in, theuvovmi ,c6untriest !Xheyibelp,i<^^^ ^ 
populari symposia, nwiork^rops;) and ^emi&em omyaripus, a^pterpt.fppd 
agriculture { ,ahd iby {providing a, documentation land ih^^if|tiod)SOpn r 
ter on. soil manpgemeut landfoodcrop rp^^ueJtftOdi^theTt^ vino 
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f The real signficance of the ■ IXTA ; model « for- : advanced research! is 
its -mission orientation in a > relatively narrow i field of endeavor. .Once 
having identified the > problem area, the ‘^sponsors: ;have; erected^ the 
necessary research plant, endowed : it with first-class brains, and 
lavished on it the equipment and funds necessary to do so. -They have 
done the identification of the problem,! the gathering together of' the 
brains, and they have provided most of the funds^ : 

The IITA is sited on a 2,200 acre locality, on which is being erected 
a water reservoir with the capacity of 850 million gallons for an ex- 
perimental irrigation program and research in soil-water relation- 
ships. Its staff, when fully developed, will number 400, of which over 30 
will be resident senior investigators' covering nearly as: many special- 
ties and fields, 100 research assistants, and 100 technicians. ; 



The capital cost will total something: like $17 million; and its annual 
recurrent costs will amount to about 1 $4 million a year.; In terms of 
funds annually devoted to research in industralized countries, these 
amounts are a mere drop in the ocean. In terms of the developing coun- 
tries, and in its implications of orienting research talent on problems 
of relevance to developing questions, this type; of scientific institute 
is of paramount importance far more than, the cold figures of total 
investment convey. It acts as a beacon* guiding the’ search of the newer 
nations for an efficient scientific tool to use in severing the bonds that 



tie them to poverty. : •' - . 

^foiPEfyw ; ; j 

In a letter dated October 7", 1966, the editor of the weekly maga- 
zine ‘‘Science, ” Dr. P. J.' Abelson, invited me to contribute areview 
article on “Science for^ the Newer Developing Countries^ for his 
magazine. He explained that'. Science .had,"' over '.the yeaxs, published 
articles on other developing areas— —in Latin America' and Asia-^and 
he thought it might be instructive to have a similar exercise for Africa. 
The review was to be submitted byFebruary 1,1967. ; V 

’I took up the challenge as it offered an excellent opportunity to voice 
the anxieties and frustrations the young : scientific co mmuni ty in mid- 
Africa was feeling at about that time— the time olf ’the ‘inaisaDiye 1 attain- 
ment of independence, and the time of the equal realization of the 
massive morass of poverty alflicting’ these proud hew nations.. . 

, I will not* attempt to review What I said tjienV I Will, ’however, 
restate and upldate tne problem as it relates to me problems of inter- 
national cooperation. . , , .. , . 

A most vital circumstance that one should keep in mind is tt-ifc some 
extremely good research was done iii colonial times in Araca- — m .the 
Congo, (Kinshasa), in Senegal, in Nigeria, in Ghana, and in the three 
east African countries (Tanzania,., Uganda and Kenya). Indeed, in 
east Africa, tlie colomal power left a most impressive infrastructure 



of agricultural and medical research institutes. 
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However, the foundations on which these were built were extremely 
weak. I refer to trained indigenous scientists. Hardly any qualified 
scientists with a productive and creative: capacity were left on- the 
laboratory benches at the time of political independence, and few were 
on the horizon. 1 • , , 

The uni versity institutions, the cradle of such scholars, was hardly 
geared to a tempo and condition necessary to nurture the graduate 
schools that would produce. such talented scientists. Consequently, in 
spite of some outstanding research having been accomplished in the 
African continent by the Colonial power, little trained scientific man- 
power was left behind 1 o carry on the good work. 

Perhaps even more important is the question of relevance- — apart 
from the question of excellence. How relevant was the research being 
done related to the needs of the * country? Had anyone surveyed the 
field and worked out the consequent priorities in research? Who de- 
cided the priorities, who were the peers of the scientists working in 
Africa; and so on? 

The biological problems in Africa are vast and likely to inspire on 
with a sense of frustration — frustration whether in fact the available 
scientific manpower in Africa will ever make a substantial dent in 
solving them. In the medical and natural resources fields there are 
countless large questions awaiting both old and new tools and new 
hypotheses to tackle them — nutritional problems, parasitological and 
infectious diseases, psychosomatic disturbances, tropical animal 
diseases, tropical ecology and its bearing on questions of the conserva- 
tion of natural resources, sustained productivity of tropical waters 
and tropical soils, utilization of forest products, the overwhelming in- 
fluence of insects on . tropical life and history. One could go on and on 
listing these major biological stumbling blocks on the path of African 
development. . 

Obviously, international cooperation is a necessary factor in the 
strategy for tackling these problems. Africa left alone with its meager 
scientific resources (human, physical and financial) will take ages to 
solve these problems while the rest of the world whizzes past in the 
next decade of development. . . .. ^ ^ 

It is against this back-cloth that the ICIPE was born.' 

We started with the basic assumption that Africa needs to concen- 
trate its scarce scientific resources in a few. very large centers, each with 
a sharply focussed research goal, and each employing a multidiscipli- 
nary approach in tackling particular problems over a period of time. 
In this way, it was possible to see tangible advances being made. 

A second basic assumption was that informed Africans themselves 
must decide the research areas of priority— uninfluenced, in the first 

instance, by the consideration of foreign centers of advanced sig- 

• • . . : • r.i r - ■ ■ f . i *': ■ “• '• ■ ‘ ' -■ 
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nificance. For the ICIPE, I believe, is the first center of excellence 
sited in a developing country which has had its basic philosophy for a 
scientific program initially decided on by scientists in the -developing 
country itself. 

The hope, therefore, is that such an institute is regarded very much 
as a part of the developing world and is most likely to have a profound 
influence on development in this -part of the world* Having said that, 

I would like to emphasize that the sponsors of the . ICIPE have so 
designed the ICIPE that in its operations and support it is truly an 
international center of advanced research 

The ICIPE was incorporated in April 1970 as a nonprofitmaking 
company under the laws of Kenya in such a way that it is “a center of 
•advanced research meeting the highest standards of world science, 
that the center should have close cooperation with the scientific com- 
m nrnt.y in Africa and thus contribute to the development of the latter, 
that the center should have as one of its ceptral aims, the making of 
discoveries and inventions that might lead to the - design of new 
methods for insect pest control; and that the research projects carried 
out at the ICIPE should capitalize on the wealth of- research opportu- 
nities that exist in the insect and plant life of eastern Africa.” 

Insects (and their. relatives, such as ticks) are vitally important in 
the economy and health of tropical Africa — and, indeed, in other 
tropical regions. The devastations resultant from insect attack on 
crops and livestock is enormous; the debilitating and hazardous influ- 
ence of diseases transmitted by insects to man are still serious in Africa. 

The long term solution of these problems needs a deep knowledge 
of the biology of the insects concerned. Few research establishments 
in Africa, by the very nature of their constitution and budgeting, can 
concentrate their facilities and resources on long range research. The 
sponsors of the ICIPE have decided to concentrate all their resources 
and facilities in long range research in those aspects of insects ecology 
and physiology that contain the best promise for pest control without 
profound side ecological effects 

The central aim of the ICIPE is consequently to carry out funda- 
mental research of high quality with a definite practical goal sharply 
in focus. Unless such a center has certain applied* missions which are 
relevent bo the development of Africa, it would have been in danger of 
becoming yet another academic center in which individual investi- 
gators pursue their own interests, publish erudite articles in scientific 
journals, but whose efforts do not effectively close the gap between our 
lack of knowledge of tropical biological problems in this* area and the 
urgent development problems of that region. The sponsors of the 
ICIPE did not favor the idea of free-wheeling research as the core of 
the center’s activities. 
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j • i A number of innovations sin -its orgamzatioAl characterize! the ICIPE 
as a unique scientific institutes and ; as- one ■ of the i finest examplesbf 
international cooperation: v. f :;?* ' ! . : . s ; : ^ t ■_?* rh :- » - 

1. Its niftin research workers consist of a pool of young talented 

post-doctoral researchers in many * fields! . (insect ecology, genetics, 
organicchemisfcry, biochemistry, biophysics, phys endocrinology 

and pathology) from many lands. The criterion f« ce is quality of 

graduate work, potentiality, and talent as ascientisu. This yardstick is 
used by an international selection panel on candidates from Africa, 
Europe, North America, Asia and elsewhere. When the centre is fully 
functional it; will have, at any one time, 30 or so such wbrkers at! the 
ICIPE Research Centre in Nairobi^ . These research fellows will be 
given appointments of2 to 3 years, and they will then be encouraged 
to go back -to tlieir own home countries to continue- their careers. In 
this way, ‘an international i pool r of. : highly informed, and motivated 
scientists of high ; caliber will be built up, in Africa and around , the 
world. Such a scheme of post-doctor al research in developing countries 
has been graphically described by«.Dr. Carl Dierassi, professor of 
chemistry at Stanford TJniversity, who is s one .of the] pioneering spirits 
behind the ICIPE., « • !<• • i! :■ .1 • ■•».» 

2. The ; research workers- perform their missions .with the guidance 

of outstanding world: scientists who > have accepted < appointments- as 
directors of research. These distinguished scientists have agreed to 
come to N air obi two or three times a year to initiate j conduct; and 
advise on research priorities and in reviewing the scientific activities 
of the centre. At the same time they have agreed to accept in their 
own. home laboratories talented young African scientists who? need 
further training before joining the ICIPE as research workers. * = •• 

3. The individual support - of the . ICIPE comes from over 50 
scientists, policy makers, and other distinguished men of affairs in 
many countries (Kenya, Uganda, Tanzania, Zambia, Japan, Australia, 
Israel, Switzerland, Prance, Germany, U.S.S.R., Czechoslovakia, the 
Netherlands, Sweden, United Kingdom, Canada and the United States 
of America). They help to give the ICIPE a legal entity. 

4. The ICIPE is advised and supported by an international com- 
mittee, whose members are nominated by national academies of science 
and other scientific organizations in many countries. This is a novel 
device , It is specifically charged, among other things with guaranteeing 
the high quality of the work performed at the ICIPE Research Centre 
in Nairobi. The American Academy of Arts and Sciences and the 
U.S. National Academy of Sciences, and in addition the East African 
Academy^ - the Max . Planck Society of the Federal Republic of 
Germany, the. Royal Netherlands: Academy of Sciences and Letters, 
the Israel Academy of Sciences and Humanities,! the Royal Swedish 
Academy of Sciences, the Royal Swedish Academy of Engineering 
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SciOnCesyJthe' 'Australian AcadOmy- : of 1 Science, the Czechoslovak Acad- 
emy 1 ofSciences , the Japan Science 1 Cbuncil, the- Centre 1 Nationale de 
la Recherche Scientifique, and : the* Office de la Recherche Scientifique 
et Technique; Outre-^Mer— all these were among" the first = to give the 
IGXPE 1 tangible and Sustained support; ; Other academies' and scientific 
org aniz ations ■> have - shown similar interest ’ and will soon formally 
join in ; this -international 1 enterprise.- ; ■; -i - *■■»*» • 

5. The ICIPE is under the 'supervision of a governing board of 
international' coinposition. Its nine members coine from seven ebun- 
trie's; With'Professor Carroll Ti; Wilson, Director of the Alfred P. 
Sloan School ; of Management at the' > Massachusetts Institute of 
Technology,' as its Chairman, ^Professor Wilson is present today. The 
Vice 'Chairman is Dr; - Wilbert Ki.Cbagula, himself a 1 trained scientist, 
but ' until August 1970;, 1 Principal >of the i University of Dar-es-Salaain 
in Tanzania, and now Minister of Water development and Power in 



ill 
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the- Tanzanian Cabinet/ 

Nairobi was! chosen ah the ’-location for the ICIPE i Or several reasons. 
It 1 is ttn ideal natural laboratory for insect study having an equatorial 
photo^eriOdj permitting- almost 1 year-roimd investigations of insects ; 
it/iiaa’a wide range of climate from tropical monsoon to alpine, and 
a 1 rich diversity of insects: within 200 kilometers of the city. In terms 
of servicO' and: access, 1 Nairobi; : with : its university and agricultural 
research organizations, modern, city : housing and schools, beautiful 
countryside and c lim ate and an Excellent worldwide communication 
system is^ a most agreeable place in which to live and work. 

' I should like to say that the ICIPE is not strictly an applied re- 
search institute. Y et, its broad objectives relate to the discovery of 
knowledge which may fill the critical- gaps which now exist in our un- 
derstanding' of the characteristics and biology of the target insect 
species of great econo mi c importance as pests — tsetse flies ticks, ter- 
mites,- mosquitoes, to name only a few. Until now the world has relied 
heavily for pest control on broad-spectrum chemical poisons which 
killed kill insect species — whether foe (pests) or friend (insects that 
eat Or parasitize other insects) — and did untold damage to the quality 
of our environment. * : 

It did not require deep understanding of insect reproductive physi- 
ology, genetics, sensory physiology, population dynamics and the like 
to determine whether a chemical pesticide was lothal or not. The ques- 
tion simply was whether the insect keeled over or not when exposed to 
the chemical. But we now see rapidly accumulating evidence of the 
severe environmental' side effects ' of persistent chlorinated hydrocar- 
bons. We also observe the increasing resistance of many pest species 
restiltin^ from mutations in- Which resistant individuals survived and 
tmiUiidiea.; ^ ‘ ; 

'i -j ! ’ S'.Vi’.'/.J tV S>.! ij t ' fj 1 . ‘ • 1 ~> ' , ‘ - 1 ‘!li i ! ) • V- i ‘ r: - ' . ‘ ■' 1 • • ! 
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New avenues for investigations are pow called for. Biological con- 
trol through the release of sterile males is one; but it is only effective 
in a very few specialized cases. Other avenues are through the use of 
insect predators, parasites and diseases; but again , the - potential, may 
be limi ted and the risks of unintended environmental side effects are 
large. Yet another avenue is through the selection of species of crops 
and livestock resistant to insect attack; but this is slow and often the 
insect pest overcomes the resistance barrier. 

The avenue that the ICIPE is pioneering is to seek speciesr-specific 
controls w hic h do not affect other insects, that do not. leave ■ persistent 
residues, and that have minimal ecological pertubatioiis. ; • 

We must fill the gaps in our knowledge in the loop provided by in- 
sect ecology, insect physiology, integrated control, environmental qual- 
ity. We must now understand a great deal about the complex develop- 
ment process through the egg, the larva^the pupu» and the adult insect, 
a process that is amenable to disturbance or interrruptionby the intro- 
duction of insect hormones at the wtong time, for,; example., , I 

We must have a deeper knowledge of reproductive physiology and 
genetics, as it offers the prospect of interfering with the mating process 
or altering the sex ratio among males and females in the offspring. We 
must possess a clearer understanding ;of the remarkable sensory, organs 
and the rich system of chenncal conwnuifieatipn among insect commu- 
nities of the same species, as it may give us a chance to use false 
chemical signals to lure insects to their destruction. . 

These and other proimsing leads of tji© same nature ,will be assidu- 
ously followed by the band of talented ■, research investigators, trained 
in many disciplines, at the ICIPE. The general direction of their work 
will be beaconed by the deep insights and judgments of the senior 
scientist who are the directors of research at the ICIPE Research 
Centre. : 

In addition to the advance of knowledge in these fields, a primary 
aim of the ICIPE is to bring into a developing region — in this case, 
Africa — a center of advanced research where African postdoctoral 
scientists can find . professionally rewarding activity on problems of 
(a) great importance to the economic development of Africa (and 
many other parts, of the world) but also.(-b.) great intellectual. interest. 
Such a center of excellence could have a powerful effect on the recogni- 
tion of science by African leaders as a practical tool. It may also 
encourage African 'students to study science, and . will undoubtedly 
attract talented African scientists to pursue their profession in their 
own continent and thus dam the brain drain before it bursts upon us 

in earnest. - \ :i ■ • ; ■ • 

The vision of -the : sponsors, of the ICIPE is a vast 0110. Have they 
the resources to bring it into the realm of reality? The human scientific 
resources are assured. The governing board has assembled together 
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the most distinguished group of insect scientists in the world to act 
as directors of research; the postdoctoral investigators are being 
appointed on the basis of their outstanding graduate performance and 
their proved potential as independent research workers ; training 
schemes for graduate technicians is being launched; and the ICIPE 
Research Centre will rely on trained business managers and other 
administrative cadres for its day-to-day administration. ; 

The research center will be adequately provided with all the equip-" 
ment that it needs to use for the whole range of its activities. Excel- 
lence and relevance are the criteria of the ICIPE in selecting and 
directing its resources to achieve its goal. Thus, the IQIPE is to posseSe 
a first- cl ass research plant, the best brains in the field of its endeavor,' 
and the most efficient administrative machinery for the job in h£tnd. 

The question of funding is, however, giving the ICIPE governing 
board a giant-sized headache. Ideally, the ICIPE needs one qp two 
very large financial backers— in the same way that the foundation- 
type research centers are being financed. The genesis of the ICIPE, 
however, and the totally unusual design of the ICIPE has made this 
problematical. . 

In this situation, the ICIPE governing board has turned to inter- 
national sources of finance and the government aid agencies as the 
major sources of finance, with the various academies being responsible 
for raising funds for some fellowships. The most difficult items on the 
financial agenda of the ICIPE are capital funds ($1 million), equip- 
ment ($2 million), and the operational costs (annually $1 million) of 
the Centre. If these can be provided on a long-term basis, then the 
sponsors will have been given a rare opportunity to demonstrate the 
utility of this unique experiment in international cooperation and 
institutional development. 

I started this section of my discussion by advancing the possibility 
that centers of excellence might be of special value as providing the 



right kind of environment where there is constant ihtpr&ction between 
the physical scientist and the biologist. In this way, new streams of 
tho u g ht might be provoked that would otherwise lie unexcited. The 
ICIPE Research Centre will provide just tfiis kind of cultural environ- 
ment — where physicists, biophysicists, and organic chemists will rub 
shoulders With ecologists, physiologists, and endobrmologists ; and 
where the few carefully selected ‘ problems will be investigated from 
all sides by a whole range of tools. / /*" . 

For example^ the ICIPE will soon be mounting a long-term research 
project on iqsect rmgration— -one biological phenomenon of insect life 
of great importance in the peist status of certain species. In this case, 
our studies will be focused on Armyworm, a grpup of moths whose 
caterpillars devastate ai considerable proportion of tropical and sub- 
tropical pastureland and ! agricultural crops every year when these 
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mgsters amass themselves into veritable hordes of feeding machines, 
wing down whatever is in their path. 

L team of ICIPE research workers will be studying the field biology 
the adult moths themselves, investigating their flight range, the 
dronmental factors that regulate their seemingly unidirectional mass 
vement, and the periodical phenomenon of their apparent evidence, 
ng light-trapping techniques, aerial plankton collecting methods, 
bile radar identification procedures, and high-resolution Doppler 
hniques. Other workers will be conducting laboratory and wind 
mel experiments on the biophysics and biochemistry of their flights ; 
ile others will be concentrating on elucidating the hormonal and 
Ler physiological factors that regulate the migration instinct of the 
ths; and yet others will be studying the possibility that chemical 
ssengers might be important in the congress of the moths, 
rhus, a whole range of biological and physical tools will be brought 
bear on understanding the migration biology of th 9 adult moth. 

Et rp. mfl.in s to the assess whether the ICIOE model can be applied in 
Ler areas of biological research. One cannot pronounce categorically 
thisat the moment, since it will take at least another 5 years for 
> full siory and potentiality of the ICIPE tp enfold. But the iceberg 
e can see is a marvelous sight; and we are beckonig to the world 
join us in the search for what is still to emerge in this crucial historical 
>ment for the oriented and applied development of the biological 
ences in the newer nations. 

I wish now to turn my attention to a question I begged at the 
ginning of this discussion. Just how valuable is international sci- 
tific cooperation to any particular nation? The question can be au- 
r ered in many ways by, for example, stating that science is fostered 
st in an environment of free discussion and consultation, that sci- 
.tists build on the foundation of discoveries laid by their academic 
•edecessors, that science is an international language that can only 
velop through all the participating speakers learning the interna- 
:>nal rules of the language and so on and so forth. A number of 
uths are imbedded in these assertions, and they have undoubtedly 
ayed a role in fashioning science into the pregnant role it is playing 
. the life of the world today. . 

But international scientific cooperation has another role to play 
3 W. International cooperation in the life sciences can help the new 
itions to leap-frog into the industrial age quickly, if the new nations 
LcUciously utilize the existing knowledge and techniques in solving 
leir particular problems* The older nations also stand to gain by 
ickling new questions in new situations using the tools with which 
iey are already fa mili ar. But equally critical to the rest of the world 
the probability that such cooperation will bring (from the develop- 
ig countries) into the international scientific community a new tal- 
it, a new genius, a new mode of looking at problems until now shut 
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off.fronx participation and from communing. If this can be facilitated, 
the world brainpower will then be the richer. 

The central goal of the sociaZ sciences 

A new voice is beginning to be heard emerging in Africa which 
rejects both the traditional Africa and the technologically oriented 
Africa. This is exemplified by a number of scholars. The writings of 
the Ugandan poet, Okot p’Bitek exemplify these in a biting satirical 
manner. Lawino, the illiterate wife of the book-learned Ocol, sings a. 
lament to Ocol with his new fangled civilized ways: 

i - 

The white man’s stoves 
Are good for cooking 
White men’s food ; 

For cooking tasteless 
Bloodless meat of cows 
That were killed many years 
And left in the ice 
To rot! 

For frying an egg 
Which when ready 
Is slimy like mucus. 

For boiling hairy chicken 
In saltless water. 

You think you ai*e chewing paper ! 

And the bones of the leg 
Contain only clotted blood 
. . ... , And when you bite 

The tip of the bones of the leg 
It makes no crackling sound. 

It tastes like earth! 

The white man’s stoves 

Are for boiling cabbages 

And for baking the light spongy thing: 

They call bread. • 

They are for, warming up 
Tinned beef, tinned fish. 

Tinned frogs, tinned snakes. 

Tinned peas, tinned beans, 

Big broad beans 
Tasteless like the cooro! 

.... , They are for preparing 

Foods for the toothless, 

For infants and invalids. 

It is for making tea or coffee! 
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Later, Gcol replies to Lawino’s lament by laughing at the tradi- 
tional African life. He asks, “What is Africa?” And he gives his 
own formula forthat question. 

Timid, ; 

Unadventurous, ( . ; 

Scared of the unbeaten track, 

. Unweaned, 

Clinging to mother’s mil k l ess breasts, 

Clinging to brother, 

To uncle, to clan, 

To tribe, 

To blackness, 

To Africa. 

Africa, 

This rich granary, 

Of taboos, customs, 

Traditions * * *. 

These are bitter words, and yet in contrast, many African leaders 
are more and more looking toward science as a tool for development, 
but at the same are convinced that social experience must be brought 
to play to temper the brutalities of technology. This does not seem 
to be contradictory. Technology is the local interpretation and use of 
science. The social implications of these technologies must be studied 
if we are to avoid the worst side effects of such advances. 

One would therefore be tempted 1 to suggest that perhaps one of the 
central objectives of research in the social sciences should be to answer 
the following cardinal questions r ; • 

(1) Can the social framework absorb the advances in the life sciences 
(and other sciences) that are being brought about by the discoverers 
and innovators? 

(2) Can the social scientists make discoveries of the human mind 
and hia way of organizing his fellow men that would give him a 
conscience beyond mere physical and economic development? 

(3) How best can mankind be trained to feel that the environment 
and its natural resources have to be held in trust for posterity? 

This is a task that transcends the local enumeration of statistics or 
th e study of the many -isms that plague the world. It needs the 
cooperation of all, for the social sciences— if indeed these studies have 
attained the level at which they can be termed sciences — are still very 
young and have yet to contribute significantly to the well-being of 
mankind. 
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Perhaps one proposal which sliould be considered seriously is that 
ery scien tifi c institute should have a small team of social scientists 
tegrated into the work of the scientific investigators- — sifting, eval- 
uting, pass ing value judgments, and studying the social implications 
any new findings of the scientist. 

inclusion 

I have tried to portray the problems and new mechanisms of Alter- 
ation al scientific cooperation in the life sciences from the point of 
Lew of the developing countries, and especially Africa. 

I have done this for two main reasons. Firstly, because my own 
nowledge of the world is not that all-encompassing and I wanted to 

leak where I felt most confidence. 

Secondly, X am convinced that in formulating scientific policies 
hether national or international — one must consider the whole world 
s his, stage. Science is indivisible. A policy decision taken in one 
ountry will ultimately affect all other countries in one way or another. 

To me, a most gratifying circumstance is that this “natural law is 
ecognized in the United States; and in ineir attempt to reevaluate and 
efashion their national scientific policy they have set out to share 
heir thoughts with other scientists from other countries. This, then. 
3 a beautiful demonstration of the spirit of international cooperation. 
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It is a great lion our to take part in this prestigious conference 
sponsored by the internationally renowned Committee on Science and 
Astronautics. I was here last year as a listener and member of the 
audience. This year I have been promoted to the platform. The dual : 
role in these two years recalls the comment of that great English wit, 
Augustine Birr ell, who when asked if a speech he had made had been 
a success replied: “The speech was a success but the audience was a 
failure”. ; • ; 

I hope that will not be the case today. I am sure it will not, because 
I can rely on your tolerance towards a layman who, as a very non- 
scientific member of the Committee on Science Policy of the Canadian 
Senate, has been lured out of his depth into the deep seas of science 
and science policy. 

Whatever my reception here, it will perforce be .mild compared to 
that which the first volume of our Senate Committee’s report has 
received, in certain scientific circles in Canada.; This is not surprising, 
of course, in view of the fact that the whole tenor of. this first volume 
is highly critical of Canadian science policy over the past 50 . years, and 
by implication of many of the; individual; and institutional policy- 
makers involved . It was not easy to decide to publish the conclusions 
we had reached because it was inevitable that they would give offence. 
We did so . only because we had become convinced that it would be 
calamitous if the new round of science policy-making that is about to 



begin was based on the conventional wisdom of the past rather than on 
the abundant evidence in our own experience (and in that • of ; other 
countries); , that Canada has not and. neyer had— an oyer all science 
policy. We cannot hope? therefore . to . use effectively our limited . fir 
nancial resources in support of science and technlogy (and p ar ticularly 
research and development) on the basis of; the, existing pattern of diffuse, 
ad, - hoc, responses to funding and ■ .performance • claimants on. the pub- 



lic purse. -i-i i : '!(> 

[ r Nipt; without . some. . concern, that \ vve would be , misunderstood or 
misrepresented we have come out ; f pr , an, overall science policy; at 
the highest political le vels-r-that is to say for a macropolicy ( approach 
to, Canadian: • science . policy tO rationalize, in advance . the u hundreds— 77 

^ Member * of 1 Parliament*. Canada ; chairman of ^Stctering' Committee on Science f Policy^ 
Canadian Senate, Ottawa, rCai^a<la. : : i 7 ; f * ii * ■ -•* j ' 'M:\ ;..to i J*;-:;! -v -J-\ ‘n > • ■ i 



111 



till 



115 



perhaps thousands — of micropolicies which have resulted in what 
we called “Science Policy by Accident” . 

We found that in comparison with other OECD countries both our 
public and gross funding of R & D was inadequate; that Canada was at 
the bottom of the list in both funding and performance of R & D by 
business enterprise and therefore in innovation generally; that we are 
doing far too much of our R & D in government laboratories; that we 
have probably the lowest rate of transfer of R & D to industry from 
government laboratories and universities ; that our new Science Council 
(1966) is operating “in a vacuum” ; that our National Research Coun- 
cil, despite its accomplishments and international repute among 
scientists, has not fulfilled its intended role in terms of national scien- 
tific policy. 

I need hardly say that there have been some howls of protests — 
particularly from fundamental scientists — who seem to find it so 
hard to understand, that political or public insistence on the applica- 
tion of social, economic and technological criteria to overall national 
scientific productivity is fully consonant with staunch public support 
of basic, curiosity-oriented research. 

Indeed, from a political point of view it seems to me that pure 
scientists would have far more to gain than lose from a well planned 
overall science policy. This is so, because pure science is the one area 
in which the political decision to spend is exempt from the normal 
requirement of cost-benefit justification. Here, as nowhere else in the 
national budget can a case be made that basic research has a clear 
claim on public funding without strings attached. I need hardly say 
that all claimants for public funding in science affairs would lik e their 
funds “without strings attached”. Fortunately or unfortunately, de- 
pending I suppose on one's viewpoint, this runs counter to the essential 
requirement of accountability of all public servants for the expenditure 
of public funds. 

All of which leads directly to the whole question of the role end 
responsibility of the individual legislator in and for national science 
policy. I am sure that in most of the countries represented at this 
Conference, the essence of the control of the executive branch by 
elected representatives is through the control of the purse — the annual 
Budget, Appropriations or whatever it may be called. 

This, of course, assumes that in each legislature there are individual 
members or groups of members who have expert knowledge of the 
many objects of public expenditure as they appear in the annual 
estimates. There will be a few, perhaps, who will have a special compe- 
tence to relate the totality of suggested expenditures to its impact 
on the national economy and the underlying societal valuers. But they 
will .be few. The majority of members will have special competence 
in one or two particular spending areas — agriculture, social welfare, 
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health, education, industry, foreign affairs, justice, resources-^— and 
so on. This is so because these have for a long time been major objects 
of public expenditure. By and large they have high visibility in the 
sense that the expenditures can be readily apprehended and assessed 
in relation to the general or regional interests affected. The whole 
concept of representative government is based on the assumption 
that all claims on the public purse will have effective examination by 
members of the legislature. This sytem, with its checks and balances^ 
claims and counter-claims, has worked tolerably well where the 
areas of expenditure have grown gradually with matching develop- 
ment of competence on the part of legislators. 

The system tends tc break down, however, when a completely new 
and expensive program or project is introduced. Its very newness 
finds the legislators unprepared to assess critically. It gets easy 
passage through the legislature because members do not feel qualified 
to discuss it critically; have neither the time or inclination to do their 
homework and therefore have no way of knowing its general or regional 
implications. The history of politics is full of such cases and the 
inevitable matching story of false starts, colossal waste of public 
money and even scandals. 

The studies we made in the Science Policy Committee of our 
Canadian record and that of other countries in national science policy 
seems to suggest that science and technology (and their handmaidens 
research and development) are often in this category. Certainly in 
all the industrialized countries which are engaged in what has been 
called “the Science and Technology race”, there have been in recent 
years fantastic increases In the public funding of R & D activities. 
In our own case in Canada from $70 million in 1951 to $583 million 
in 1970. Here in the United States from $1,301 million in 1951 to 
$16,922 million in 1970. 

If I read the evidence of the countries concerned correctly, I 
have to conclude that no executive — and certainly no legislature— 
was even remotely prepared to assess these new and prodigious claims 
on the public purse, even in such basic decisions as the respective 
fuii ding responsibilities of the public and private sectors; of the most 
effective “mix” of performance by government agencies, universities 
and industry; of a viable distribution of funding between basic and 
applied research, development and innovation; on the proper roles of 
decision -masters all the way from, the Cabinet through mission- 
oriented departments, councils, boards. Budget' Bureaus and Treasury 
officials, to the individual scientist or institution. 

This of course, is what the so-called great debate on science policy 
is all about. If one looks at the widely-diffuse answers to these ques- 
tions that various countries have given one looks in vain, for any kind 
of rationale that could by any stretch of the imagination be regarded 
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as the end product of a national science policy. Certainly not to the 
same extent that there is a visible fiscal, farm, welfare, or foreign 
affairs policy. 

In Canada we had a Cabinet Science Committee which never met 
for ten years. We embarked on the public funding of one scientific 
project which was finally cancelled when there was a change of gov- 
ernment. It took ten years for government funding of science in 
industry to reach the previous level. There are similar cases in other 
countries. 

I make this case for the general impreciseness of national science 
policies because I believe that some, at least, of the responsibility lies 
with the members of national legislatures. We did not, in the initial 
stages of science spending, equip ourselves to make the same kinds of 
judgments that we were able to make in other policy fields. The reasons 
are understandable. The suddenness of the technological explosion, 
as I have already indicated in one. 

Another is the complexity of the subject itself. A third is the fact 
that very few scientists become legislators. A fourth is that in most 
countries the majority of legislators are not yet aware of the fact 
that national science policy is now the major determinant of the whole 
future way of life — in both quantitative and qualitative values — 
of those who have entrusted to their judgment the decisions on which 
those values rest. 

In Canada we have no Ministry of Science, and no overall science 
estimates. Therefore, undor our system, we have no standing com- 
mittee on science or science policy. Not only so, but because ours is 
a system of parliamentary Responsible Government in which mem- 
bers of the Cabinet are in the legislature, there is no Minister a member 
can question about overall science poli cy. In other countries there 
are ministers with specific science policy responsibility. 

Two perhaps in Britain — Science and Education and the 
Ministry of Technology; 

In France, a Minister of Industrial Development and Science; 

In West Germany, a Federal Minister of Education and Science; 

In Belgium, the Prime Minister is the Chairman of a Council 
of Ministers on Science Affairs, and is assisted by a Minister 
without Portfolio who is responsible for science policy and 
programs; 

In The Netherlands, a Minister of Education and Sciences; 

In Sweden, the Prime Minister is Chairman of the Science 
Advisory Council; 

In Switzerland^ however, no Minister of Science. 

I confine my comparisons here to those countries the Senate 
Committee had the opportunity to study on the spot. 
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Most industrialized countries have, of course, legislative Com- 
mittees which specialize in science policy. It is the exception rather 
than the rule for any such Committee to have before it an overall 
Science budget as such— an innovation which, judging from its opera- 
tion in France, Belgium and the Netherlands, would seem to be a 
requisite for the full participation of the elected representatives in 
any country in the development and control of national science 

P °Here in these United States there is, as we all know, no cabinet 
secretary for science (although there is one for Health, Education, and 
Welfare) . There is, I believe, no science budget in the European 
sense, but our American friends have, as would be expected, carried 
into the science policy field their genius for government by checks 
and balances. So we have the Bureau of the Budget concept where the 
science items in the departmental budgets are received as a whole, 
with the result that there is at least a defacto science budget available 
sooner or later for examination and assessment by members of Con- 
s?r6ss • 

There is the Science Advisor to the President, the President’s Science 
Advisory Committee (P3AC) , the Office of Science and Technology 
(OST), the Federal Council for Science and Technology (FCST), the 
National Science Foundation (NSF) and others all making visible 
inputs to the national policy — illustrating magnificently the usual 
wonderful American anomaly of a constitutional structure which hr 
theory shouldn’t work but which in practice works rather better than 
some "other constitutional structures which should work much better,, 
but don’t. 

Our Senate Committee visited a number of countries in Europe and. 
met many legislators interested directly in national science policy . 
We gathered from them that the problems of the average legislator 
or member of parliament are much the same everywhere: 

For example the number of legislators willing to become actively 
involved in the making of national science policy are everywhere too 
few'. These few make valiant efforts to enlist support from, their 
colleagues but generally without too much success. The science- 
concerned members are regarded as a bit odd- — specialists in the 
abstract rather than in the bread-and-butter issues of politics. 

The subject matter of science policy is so vast, complex and pervasive 
t ha t it is taken for granted that any overview of the whole is beyond 
the scope of the ordinary legislator. It is too easy for the Executive 
to persuade him that the best he can hope to do is to concern himself 
with it piece by piece as it comes to him as items in the budget of a 
-department or agency. . 

Which leads to the suggestion that perhaps it is easier to obtain 
legislative approval of the science budget if it is so fragmented. This 
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has been put forward to justify this approach- — but it leaves 
unanswered the larger question of legislative responsibility for the 
adequacy of both the quantity and quality of the science budget as a 
whole. * 

I think it is Jacques Barzun who gives the amazing example of 
United States expenditures on oceanography. Eight different agencies 
were involved in the input. The Federal Council meshed them into an 
■overall oceanography support program. This came to Congress redi- 
vided into parts in the operating budgets of the agencies. The parts 
were referred eventually to 13 sub-committees of 7 House of Repre- 
sentatives Committees, 1 Joint Committee and 9 sub-committees of 6 
Senate committees. 

It could only happen, perhaps, in the United States Congress where, 
if my survey of comparative legislatures is valid, the U.S. Congres- 
sional Committees — substantive and appropriations — have developed 
a capacity for expert examination of science spending unmatched by 
any other legislature. I need hardly, in passing, acknowledge the debt 
of all who are interested in this problem to the Committee on Science 
and Astronautics which sponsors this meeting and to its sub-commit- 
tee on Scientific Research and Development. When we add the Senate 
committees and the appropriations committees of both houses — one 
of them powerful enough to kill the ill-fated M oh ole project — it 
would appear that American legislators, at least, are fully and effec- 
tively involved. Yet, as astute an observer as Professor Michael 
Regan could, write as recently as 1969: “Our $17 billion for R & D is 
still in search of a policy. ... No other area of discretionary ex- 
penditure is larger in today’s budget, yet none is less well rationalized, 
less satisfactorily justified or distributed among competing claim- 
ants . . overall national policy regarding science and technology 
is still not clear.” 

And he makes it clear that he is referring not merely to justification 
at the executive level but to what he calls an adequate “joint- 
executive-legislative frame-work”. 

. / Harvey Brooks of Harvard says one of the main reasons for a 
planned science budget is “to get the $17 billion under control”. 

It has been the privilege of our Canadian Senate Committee to hold 
two joint sessions with Chairman Miller’s committee and we have, of 
course, studied the U.S. science legislative frame-work in some 
detail — and. >vith considerable envy and much admiration. Compared 
with othet national frameworks, I would have to say that if any 
should work, it should b% it. Prof essdr Regan’s comment, therefore, 
seems to make it clear that we all have a long way to go before any 
science policy anywhere can be said to be under effective legislative 
control. ■ s '- 
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This does seem to me to be cause for alarm given the abundant 
evidence of the degree to which the interests of our constituents are 
bound up with national science policy. 

The problems, of course, are enormous, the conflicts inevitable. 
The concept of control by representatives of the public is a political, 
not a science concept. 

Yet as Derek de Solla Price says “the density of science in our 
culture is quadrupling during each generation’/. We know that 
science can now make man’s environment, his society — man himself. 
We know that we must somehow achieve a synthesis between science 
and so ciety that, whether we like it or not, science policy is science 
politics. That being so, surely legislators as a whole dare not continue 
to ignore the overall policy aspects as they appear to have done so far. 

Of course, the legislators are only part of whatever control mecha- 
nism may be required. Alexander King, the genial science sage of 
OECD, was one of the “wise men of science policy” who gave our 
Committee the benefit of their knowledge. He told us that the problem 
was a mixture of “the naivete of the natural scientist, the arrogance 
of the economist, the complacency of administrators and the ignorance 
of politicians”. 

And if any politician here present objects to being called “ignorant” 
on this account, I would suggest that he read the comments by Ren6 
Dubos in a recent article entitled “The State of Our Ignorance”. It 
was reprinted in that excellent official U.S. Government underground 
magazine called “Dialogue”. He tells us that 70% of the particular 
contaminants in urban air are still unidentified and suggests that we 
are chasing a will o’ the wisp if we think that even complete control 
of soot, carbon monoxide and sulphur dioxide would make very much 
difference to the total state of air pollution. “No one knows which 
air pollutants are most dangerous or where priority control should be.” 
If these things be so, is it too much to suggest that a lot of legislators 
in a lot of countries are being led up a lot of garden paths. 

“Can the individual and science co-exist?” asks Professor Z. Brze- 
zinski of Columbia. His question might be paraphrased “Can the 
legislator and science co-exist.” One would hope so. 

Andrew Shonfield, Chairman of the British Social Science Research 
Council, says “it is out of knowledge of Society rather than Tech- 
nology that the major insights about a quarter of a century away are 
likely to come.” . 

And again: “Futurology, one must conclude, cannot be turned into 
a respectable, /hard’ science merely by. getting the economists and 
technicians to put some numbers to it. These solid-seeming, straight- 
forward, statistical measurements acquire significance only when the 
speculative social imagination is applied to them”. 
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That may be intended merely as a plea ft r a greater input of social 
science into national science policy — a point greatly emphasized in 
our Senate Committee Report. Yet — inherent, surely,- in the concern 
for this synthesis between science and society, is the responsibility 
of the legislator — the average, ordinary, back-bench legislator who 
is, if he is anything, society’s representative in the governmental 
process. 

There is more than one side to this. Donald Hornig, a former 
Science Advisor to the President, tells us that the main reason why the 
American public has supported government science spending to the 
point where it constitutes the largest percentage of GNP. of any 
country in the world, is that science and technology have been identi- 
fied in the public mind with political, social, and economic goals. 

Michael Regan drawing on research by Martha Ornstein and others, 
points out that the gap or gulf between Science and Society has not 
always been a problem. In its early days the Royal Society of Britain 
was a club of non-professional gentlemen interested in science, who 
were cpiite competent to discuss 4/5ths of the papers presented by other 
members. It was 200 years or more before its membership became 
limited to research scientists. In 1S00 there were 100 science journals. 
Today there are over 100,000 in many different languages. 

In the prc-tcchnetfonic world — as indeed in the legislatures of some 
of the newer countries toc|ay — Science as it affected Society was 
within the knowledge spectrum of the average legislator. How times 
have changed, at least in the post -industrial world! 

“We so refine whatwe think” said the late Robert Oppenheimer, 
speaking as a scientist to scientists, “we so change the meaning of 
words . . . that scientific knowledge today is not an. enrichment of the 
general culture ... it is not part of the common human understanding.” 

It is easy, of course, to blame the scientists and technologists for 
doing, what to them} come3 naturally — pushing back the frontiers of 
science wherever and hpwever they may be pushed back. But Donald 
Hornig makes a telling point when he says that “putting limits on 
what people may or mo y not discharge (into the air and water) is not 
an R & D proplem.” > ' 

We know whose it is. All the evidence of the failure of voluntary 
restraints on individuals and institutions throws the problem right 
back into the lap of the legislator. 

Social moralists like Joseph Wood Krutch may tell us that the 
technologist is a “Sorcerer’s Apprentice who does not know how to 
turn off what has turned on” — but the technologist can be forgiven if 
he replies that it is not his jcb to turn it off. Again we come babk to 
the legislator. “Bet’s design the ‘off’ switch before we turn on the ‘on’ 
switch” we wer’e' told in Canada recently by- Dr. Athelstan Spilhaus, 
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President of tlie American Association for the Advancement of 
Science. 

In our Committee’s briefings in other countries we were particularly 
interested, of course, in learning what mechanisms legislators had 
developed to make themselves better informed on science policy 
matters. 

In general, we found that these broke down into a number of 
procedures — not all of them, of course, found together in every 
country. These are: 

1. Standing Committees: In these, legislators examine officials and 
sometimes special witnesses (i.e. scientists) on science items but only 
incidentally to the routine examination of Estimates, Budgets, bills 
or other matters referred by the legislature. 

2. Special Science Committees: A good example is the Select Commit- 
tee on Science and Technology of the British House of Commons 
constituted in the 1966—7 session and re-constituted each session since. 
It has unusually wide powers for a House of Commons Committee. 
Its terms of reference are “to consider Science and Technology and 
report thereon from time to time”. The Congressional committees 
already referred to are in this category, although each is rather more 
specialized in its approach than the British Committee. 

The Netherlands has a Standing Committee of the Second Chamber 
(Lower House) on Education and Sciences. 

Sweden has a Supply sub-committee dealing with “Research, 
Education and Technology”. . 

West Germany has a Bundestag Committee for “Science, Educa- 
tion Policy and Journalism”. It “prepares the ground for discussion 
and decision” by the Bundestag. It invites experts. as witnesses. 

Belgium has a Joint Committee for Science Policy established . in 
1962 but it is said to meet infrequently. 

The U.S.S.R. I find (although our committee, regrettably was iiot 
able to include it in our briefing sessions abroad) constituted in 1967 a 
Standing Committee of the Supreme Soviet on “Education', Science 
and Culture”. It has the authority, held by no other Science Com- 
mittee that I know of, to initiate bills as well as to study the relevant 
items in what, for want of a better word, I w T ill call the state budgets. 

3. 'Voluntary Committees: A third mechanism for the. involvement of 
legislators in science affairs is the voluntary association (sometimes 
called a Committee) of legislators. This is a sort of science club of 
parliamentarians without official constitutional status. Th outstand- 
ing example is, of course, the Parliamentary and Scientific Committee 
of the British Parliament, a non-party gioup which was established 
as long ago as 1939. It provides “permanent liaison between science 
bodies and Parliament as a centre for the consideration of science 
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matters in both Houses of Parliament.” It provides members of all 
parties with working summaries of science subjects as they come before 
Parliament. 

Sweden has a similar association called It IPO, its name derived 
from the initial letters of the words for Parliament and Research. 
It dates from 1959 and has some 400 members of whom 225 are legis- 
lators. A Board of ten -constitutes a working Committee. 

Denmark has tackled the problem head on, it would seem, by setting 
up a Committee of 5 legislators and 5 scientists known as the “Contact 
with Science Group”. It arranges regular meetings between scientists 
and parliamentarians. 

These are but random examples to indicate a growing awareness 
among legislators of the need for more thorough-going imm ersion of 
parliamentarians in the deep waters of science than in more tradit ional 
subjects of legislative concern. 

As far as I know the International Po.nel concept is unique among 
legislative science committees. It does, however, point up a very 
important aspect of science involvement by parliamentarians which 
was quite of ten brought to the attention of our Canadian Committee 
when we visited other countries. Over and over again we were asked 
the question “How do you handle it?” in matters ranging all the way 
from total public funding of R & D to the science brain drain problems 
of developing countries. 

< : It would be an understatement to say that it was a rewarding 
experience for the members of our Committee to be able to bounce off 
some of our assessments of the evidence we had heard at home on 
fellow legislators in other countries as well. Of course, on ministers, 
administrators, industrialists and academics. I would go so far as to 
say that we could not have written our report with any confidence 
without those contacts. Long ago Hr. Killian of made us 

aware that one, at least, of the international spin— offs of the S & T 
explosion was what he called the “eclipse of distance” between nations 
in both transport and communications, fioday we call it the concept 

of the global village. *' 

We in Canada, for ^example, are aware of our dilemma in inter- 
national science created on the one hand by our minimal input into 
N W orld science (probably not much more than 1%) and on the other 
by the fact that we exercise political sovereignty over the second 
largest national land area, and the air and atmosphere above it and, 
much of the Ar ctic shoreline, and large sectors of the Atlantic and 

Pacific coasts. - 

When we meet legislators from other countries in frank discussion — 
franker perhaps than takes place at any other level of international 
contact— we are often impressed with the similarity of the concern 
at our levels about input and output problems of air, sea and soil 



ALLISTER GROSART 121 

pollution, weather modification and forecasting, nuclear fall-out and 
so on. 

Such meetings with our colleagues take place under a surprisingly 
varied set of auspices. In Canada we have delegations of legislators 
continually coming and going to meetings of such international 
associations as the Interparliamentary Union, the Commonwealth 
Parliamentary Association, the Francophone nations,' the NATO 
Council of Europe, the Canada-United States Parliamentary Group. 

I wonder perhaps if the time is not now ripe for the organization of 
an international Parliamentary Science Association. From the experi- 
ence of the Canadian Senate Committee the advantages would seem 
obvious. The Panel meeting we are attending is, I think, a farsighted 
recognition by Chairman Miller and his associates of the value of an 
international meeting of minds concerned with the very great probl ems 
poised by national science policies within the clearly evolving pattern 
of international science policy. 

I believe that such an association would make a very real contribu- 
tion to the great international science problems — the high seas and the 
ocean floors, disarmament, satellites, population, food and the transfer 
of scientific and technological resources from the affluent to the 
developing countries. 

I put forward the suggestion today at this important international 
science meeting in the hope that it might be taken into consideration 
by some of those who are here from other countries. I know the 
obstacles because I have had something to do in a small way with 
similar organizations in other fields. I know, too, how great the rewards 
can be because of the immensity of the vacuum that exists in the 
knowledge and understanding between legislators in different countries 
about the procedures and mechanisms that are developing here and 
there in this important business of the involvement of parliamentari- 
ans in science policy making. 

The available information and literature at the moment is minimal — 
almost non-existent. It has found practically no place in the prolifer- 
ating literature on the great debate about science policy. Everywhere 
the stress is on the role of government — a syllogistic short cut perhaps 
but prone to many fallacies. In the long rim it will be the. generality 
of legislators in each individual country who will, as the elected 
representatives and spokesmen for society at large, resolve the con- 
flicts between Science and Society. What a happy “technological 
innovation” it would be if somehow they were to find a way to join 
minds and hands across the boundaries of lands and waters to achieve 
that reconciliation for all men and all seasons. 
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SCIENCE, TECHNOLOGY AND THE DEVELOPING *' 

COUNTRIES 

Harrison S. Brown 1 

Throughout hr* million or so years of existence, man has been 
confronted by countless threats to the surivival of his tribes, 'villages, 
city-states, nations and civilizations. Hunger, pestilence and violence 
have continuously taken then* toll and throughout history deprivation 
and misery have probably been the rule rather than the exception. 
But at no time in history has the prognosis for mankind as a whole 
been as alarming as it is today . 

To observe simply, that two-thirds of mankind lives at virtually a 
subsistence level — ill-fed, ill-clothed and ill-housed — is to take a 
superficial view of our present condition. The roots of our problems 
are spread deeply throughout the soil of history and when we examine 
the trends within our global society as well as its present condition, the 
prospects indeed appear ominous. 

People are tired of reading the warnings of so-called “prophets of 
doom” and it is not my intention here to be such a prophet. By 
temperament I am more optimist than pessimist and if I really were 
to believe that the situation in which man now finds himself were 
hopeless I would not bother to write these words. Our situation is 
desperate, but it is not hopeless. 

Before a problem can be solved the nature of the problem must be 
understood. Before there can be understanding, there must be recog- 
nition. One of our basic difficulties today is that the extent of under- 
standing and recognition of our most critical global problems are 
woefully inadequate to permit meaningful solutions to be found. 

The overriding fact which characterizes our world today is that 
humanity is fissioning into two major groups — -the culture of affluence 
and the culture of poverty. The beginning of the fissioning process 
dates back to the time, some two centuries ago wher the Industrial 
Revolution exploded in Western Europe. A succession, of techno- 
logical innovations beginning with the steam engine, increased 
fantastically the amount of power that man could mobilize to achieve 
preconceived goals. The availability of these new levels of power, 
.coupled with a growing body of empirical observations concerning 
the behavior of materials, gave rise to greatly increased productivity 
in industry and agriculture. When systematic research made it possible 

1 PoreigE Secretary, National Academy of Sciences, "Washington, D.C, 
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to couple a growing scientific understanding of nature with the 
development of new practical technologies, productivity increased 
still more rapidly. 

As productivitv increased, material wealth increased as well. As 
wealth increased, health improved, death rates fell and populations 
increased rapidly — but seldom as rapidly as wealth. The lot of the 
average individual therefore, improved substantially in spite of 
high birth rates. Eventually, . for reasons which are by no means 
completely understood, birth rates in these areas fell. When this 
happened per capita wealth increased even more rapidly than it had 
previously. 

Those nations which were rapidly developing industrially consumed 
raw materials at increasing rates. Those raw materials which could 
not be obtained at home were imported. Further, as affluence increased, 
quantities of products were imported from overseas which at that 
time were luxuries rather than necessities. Exports were used to 
pay for the imports and this meant that markets had to be developed. 
The need for controlling sources of raw materials and markets led 
to the emergence of the colonial system. 

New technologies were transplanted to the colonial areas in a very 
one-sided manner. For example, on the Indian subcontinent, the 
development of a network of railroads and the construction of irriga- 
tion systems served to greatly decrease the incidence of famine, with 
the result that population increased substantially. But at no time 
in most of these areas did increased production exceed increased popu- 
lation to any marked extent. As a result, the lot of the average indi- 
vidual improved with time only very slowly, if at all. 

Following World War II the process of fission accelerated, in part 
as the result of decreasing rates of population growth in the richer 
countries and increasing rates of population growth in the poorer 
ones. The process of fission has new reached the point where most 
people in the world are either very rich or very poor, and not very 
many people lie in the middle. With each passing year the gap between 
the rich and the poor nations increases. 

The culture of affluence is now made up of some 1,000 million 
persons having an average per capita GNP of about $2,300. The 
culture of poverty is made up of some 2,500 million persons having 
a per capita GNP of about $180, or thirteen fold less than the char- 
acteristic of the rich countries. Within the rich countries per capita. 
GNP is increasing about 4 percent yearly; within the poor countries 
the lot of the average person is improving much more slowly- — about 2 
percent per year. ; : 

■ As an illustration of the impossible situation which would develop 
were present growth rates to continue, 130 years would be required 
for the poorer countries to reach the level of per capita income which 
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is now characteristic of the richer countries. But by that time, at 
present growth rates, the population of the poorer countries would 
reach 150 billion persons. At the same time the por capita GlsF s 
of the richer countries would approach $1 million per person. 

Olearly this is a process which cannot continue indefinitely. Almost 
certainly the world is slated to experience dramatic, even explosive, 
changes within the next 2 or 8 decades. Modern technology has linked 
the peoples of the world into a vast communications network. The 
inhabitants of even the most remote Andean villages listen to tran- 
sistor radios and an increasing proportion of the world’s population 
has at least occasional access to television. Motion pictures are shown 
worldwide in even the smallest villages. The poor see how the rich 
five and would like to share some of the affluence. Desires for more 
rapid development are intensified, and whereas a few decades ago the 
poor might have been more or less content with their lot, today they 
are impatient and are increasingly willing to use strong, even violent 
means to help attain their goals. Even in the United States we have 
seen this phenomenon take place among the poor in our cities. It is 
a process which is rapidly becoming global, eventually to embrace 

two-thirds of the human population. 

We must add the fact that modern industrial societies, as compared 
with peasant-village societies, are extremely vulnerable to disruption. 
We have seen in Indochina how very difficult it is to subdue a deter- 
mined peasantry even using as we do a broad spectrum of teclmologi- 
oally sophisticated weapons. By contrast we have seen how effective 
the techniques of hijacking, kidnapping, and terrorism can be mmdus- 
trial societies. We have seen large areas blacked out by accidental 
power failures and many of us, I am sure, have wondered about the 
potential effect of one or two well-placed bombs in one or two well- 
selected power stations in the eastern part of the United States m the 

summer. . . _ 

The richer nations can of course devise increasingly sophisticated 

techniques aimed at keeping the poor countries from getting too much 
out of hand. But such techniques ore more often than not rendered 
ineffective by the fact that the rich countries fight among themselves, 
compete for resources and trade, solicit allies among the poor coun- 
tries and provide them with massive quantities of armaments. .Total 
military expenditures by the poorer countries 1969 came to $26 billion. 
This exceeded by $ 8 billion the total expenditure by those countries 

for public education and bealtb* vl _ 

I suspect that unless development takes place in tne future at a rate 
which is considerably more rapid than at present, the poor countries 
in their misery will erupt and that the rich countries in their stupidity 
will take sides. We see this happening today in several part sofdhe 
world and we may well see such developments become widespread in 
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.he years ahead. This process could lead to a global war which would 
Irag all of us down, or it could load to a more or loss permanent 
li vision, of the world into two groups: the rich minoxity and the 

niserable majority. _ 

Rapid economic development of the poor countries is essential if 
, ve are to create a world in which people world wide can lead, lives 
'roe of the fears of starvation, disease, deprivation, and war. But I 
un convinced that such a world will not come into existence unless 
Re rich countries take the development business far more seriously 
.n the future than we have in the past. At this stage it is extremely 
iouhtful that the poor countries can. develop by themselves at rates 
which are truly commensurate with the need. Almost without excep- 
tion they need a great deal of capital and technical assistance from 

the outside. 

The process of development involves an enormously complex array 
if activities. Resources must be surveyed, analyzed, and developed; 
factories, railroads, and highways must he built; in the public sector 
bousing must be developed, educational systems must be planned, 
teachers and doctors must bo trained ; in the agricultural sector irriga- 
tion syste m s must be built, varieties of new seeds must be developed, 
fertilizers and pesticides must be manufactured and deli vexed to the 
crops, farmers must be taught now techniques. All of these activities, 
which are related directly and indirectly to each other, must he care- 
fully planned and executed as parts of a broad development plan. All 
of these activities require money, and all require cadres of trained 

people. . 

Over the years planners have tended to use what is sometimes 

referred to as the “black box” approach to development. Here it is 
assumed that the primary insufficiency in the poorer countries is 
money and that if only we were to put enough money into one end 
of a black box called the “development process,” development would 
automatically flow out of the other end. We now have a great deal 
of evidence which tells us that this is not correct that although monoy 
is an essential element of development, it is by no means sufficient. 
Other ingredients must he added, some of which we have come to 
appreciate only in recent years. 

Studies of the economic development of the United States tell us 
that our own development ■ cannot be explained satisfactorily solely 
on the basis of the classical economic ingredients of land, labor, and 
capital. Something else has made a contribution which has been fully 
as important as the three classical ingredients combined, and that 
“something else” appears to be a mixture of such elements s innova- 
tion, research and development, education, training, and improved 
ma n agement practices. All of those factors have clearly been involved 
in the amazingly rapid growth of our agricultural productivity. , It 
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has boon estimated that the return on the investment m agricultural 
research, development, and education over the past 100 years in the 
United States has averaged something like 100 percent annually. Such 
a large dividend (which we did not realize we were reaping at the 
time) , suggests that we did not invest enough effort in such activities. 

In recent years my own experiences and observations in a number 
of developing countries have led me to conclude that expanded trans- 
fer of capital from the rich countries to the poor are essential if devel- 
opment is to be accelerated. It is doubtful, however, that a really major 
increase in capital flow (a factor of two, for example) could he effec- 
tively absorbed at the present time for the reason that there simply 
are not enough trained persons in the poorer countries who are able 
to make the decisions which must be made and to solve the problems 
which must be solved if developmen t is to take place. Nor is thei © 
adequate organizational structure which would permit decisions to ho 
transformed effectively into action or which would permit develop- 
ment problems to be solved systematically. Nor are there adequate 
numbers of technically trained persons who can carry out the multi- 
plicity of tasks which are essential in even a quasi- technological socie- 
ty. Indeed, this appears to he a really basic limiting factor to the rate 
of development. 

My first conclusion is that the governments of the richer countries 
should transfer to the poorer ones as much capital each year as can 
truly be absorbed effectively. To start, this would amount to signif- 
icantly more than present levels of transfer, bat not overwhelmingly 
so and miglr' /itliin a few years build up on the average to something 
like one percent of the GNP’s of the donor countries. This is hardly 
a level of transfer designed to bankrupt the richer countries, but han- 
dled properly it could have a profound effect upon development rates. 
Were the rich countries today to transfer 1 percent of their GtNP s to 
tlie poor countries, this would amount to 5 percent of GNP^s of the de- 
veloping nations. It would correspond to about 10 percent, of what the 
rich countries are now spending on armaments and to about 60 percent 
of the annual direct cost of the Vietnam tragedy to the United States 
alone. We have now traveled along the military pathway for many 
years and it has failed to lead humanity to its goal. It is now time for 
us to travel along the pathway of compassion. 

Equally important, however, massive technical assistance programs 
should be created, of far greater magnitude than any such programs 
attempted before. These programs should be aimed at producing deci- 
sionmakers, problem solvers, managers, and other technical persons, 
at developing the organizational frameworkwithin which such per- 
sons can Operate effectively, and also at devising innovative solutions 
to specific development problems and bottlenecks. W ! • : 
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What should be the basic components of an expanded world pro- 
gram of technical assistance? Here we can obtain some concept of the 
needs if we trace the implications of programs which are aimed at the 
primary objective of producing adequate quantities of food. 

In the greater part of the developing world agricultural productivity 
is low both in terms of production per man-hour and production 
per acre. The effectiveness with which solar energy is transformed 
into food energy in wheat, for example, is usually limited by the avail- 
ability of plant nutrients such as nitrogen, phosphorous, potassium 
and water. Yet adding such nutrients in quantity is usually either in- 
effective or deleterious because the plant itself lias been empirically 
selected over generations as one best able to survive and grow in the 
local impoverished environment. The plant is more often than not 
unable to cope with a substantial increase in the availability of 
nutrients. 

An obvious approach to the solution of this problem is to breed 
varieties of plants which can thrive in the local environments and 
which can effectively utilize large quantities of nutrients. This has 
been a major objective of the j \:1 exion n wheat program operated by the 
Rockefeller Foundation and the Government of Mexico for over a 
third of a century and of the International Rice Research Institute in 
the Philippines. Promising varieties of plants which have been de- 
veloped by those projects have been transplanted to local environments 
and further modified so they can grow most effectively under the local 
conditions. 

Once this task has been accomplished, sufficient seed must be pro- 
duced to permit planting by farmers on a significant scale. Fertilizers 
must be produced on an adequate scale and distributed. Often supple- 
mentary water supplies must be provided either from wells or irriga- 
tion canals. Pesticides m u st be produced and distributed. 

Thus, to obtain higher crop yields one must cons truot factories, 
locate raw materials, pro vide sources of energy, build highways and 
trucks, railroads and trains. In other words, a significant elevation of 
crop yields necessitates si significant level of industrialization. 

As crop yields increase, new problems emerge. One must always 
be on the lookout for new pests which might get out of control. As 
output per man-hour increases, less farm i labor ; is needed^ and the 

surplus people migrate to the cities. As nutrition i m pro ves, in fan t. and 
child mortality is lowered and. the -rate - of population growth , in- 
creases. The urban areas, unable to provide jobs for the migrants 
become inundated by vast slum areas and the local government finds 
itself unable to expand community services as rapidly as people move 
in. On the farm increased production strains storage facilities and 
•distribution systems. . . r. r ,, • -T •. • - 
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Thus th© apparent solution of one problem, -hat of low farm 
productivity, can trigger as in a clain reaction, a variety of new 
problems, all of which cry for solution. Further, this one illustration 
emphasizes how inextricably entwined the problems of a society iea 3 
are . — indeed so much so that one must necessarily consider systems 
rather than isolated problems out of context. We encounter the same 
kind of situation no matter what priority problem we consider, no 
matter whether it be public health, population growth, urbanization 
or industrialization. 

Clearly a major component of technical assistance should be science 
and technology — all related to technological transfer, to the solu- 
tion of national development problems, and to the building of the 
organizational structure which will make this possible. The basic 
aim of technical assistance should be to help a developing nation 
select, adapt and develop technologies (physical, biological and social) 
which will help it achieve its social and economic objectives. Develop- 
ment is not s im ply a matter of transferring existing knowledge an: 
techniques. No matter what the technology , no matter what the 
country, no matter what the problem which is to be solved, new prob- 
lems almost always arise which cannot he solved by remote control. 
They must be solved locally and the chances are that if they are 
solved at all they will be solved by local people who know then* 
culture and environment far better than do most outsiders* 

Research, analysis and problem solving are major keys to develop- 
ment and should consequently be major elements of technical assist- 
ance. Here the United States can play a role which in the long run 
can far transcend our monetary role. With little question we have the 
highest technological problem-solving capacity in the world. Prop- 
erly mobilized and oriented and properly coordinated with the pro- 
grams designed by our friends and colleagues both in the developing 
and developed countries, X have little doubt that a revolution (using 
the word in its best sense) can be brought about. 

During the past decade the National Academy of Sciences has de- 
veloped a number of bilateral programs with sister organizations _in 
developing countries aimed at strengthening their local sc.umtifie- 
teehnologieal problem-solving competence. In these programs we have 
brought together natural scientists, social scientists and engineers in 
roughly equal numbers from our two countries to discuss the problems 
of development, with particular reference to the role of science and 
technology. The quality of the discussions and the actions which have 
resulted have far exceeded our initial expectations. We have helped 
our colleagues create research, councils and institutes; we have jointly 
modified educational approaches; we have .effected. nutrition recoin-- 
m ati dations ; we have developed guidelines for . industrial researc 
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Indeed, as a result of these experiences 1 aw convinced that the scien- 
tific-technological community, worldwide, can play a crucial role in 
the development process in virtually all developing countries. 

Here in the United States we have a real problem. How can we best 
mobilize our own resources (which are considerable) to better ex- 
pedite development? Beyond that, what should our total level of 
support be? 

The overall foreign assistance program of the United States has 
been the subject of much study in recent years, culminating in the 
report by the Peterson Panel to the President in the spring of 1970. 
Perhaps the most important recommendation of that panel was to 
separate capital assistance from technical assistance and to channel 
increasing proportions of our capital assistance through the interna- 
tional agencies such as the "W Grid Bank and the In ter- American 
Development Bank. Technical assistance would be placed in an Inter- 
national Development Institute mentioned yesterday by Secretary 
Rogers, which President Nixon in his message to Congress on Sep- 
tember 15, 1970, indicated lie hoped would be created some time in 



1071 , 

The channeling of capital assistance through the international 
agencies makes a great deal of sense for it decreases the temptation 
to use foreign assistance as a political weapon. 

The creation of an International Development Institute makes a 
great deal of sense, for properly organized, it can provide the struc- 
ture which can truly mobilize the technical genius of our country for 
an expanded, reoriented development effort. Such an institute, again 
properly organized, can enable natural and social scientists and en- 
gineers to work on a peoplo-to-people basis with their colleagues over- 
seas on development problems, Tt would; enable development-oriented 
research to be undertaken domestically as well as overseas. It would 
make full use of our specialists in industry, agriculture and our ’uni- 
versities. Above all, it would provide fbi* the kind of long-term con- 
tinuity which is so essential if programs are to be successful Here 
we must keep in mind that there is no such thing as instant develop- 
ment— that we are dealing with a time scale of a generation or more. 
"Wo must also remember, a quarter of a cehturybf efturt tvent into 
making bf the so-called Qfeeh Revolution. • ; ; ' / V ’ .'• ■7 



In our past technical assistance efforts * our programs Have been 
handicapped by short-term outlooks. The yearly budget cycle,’ the 
2-year congressional cycle/ thC rapid turho ver of AID personnel and 
the fluctuating' intern a tiorial p dlitic al Atmosphere have aUccmbmed 
to make the conduct of meaningful long-term programs at : best ex- 
tremely difficult E a&i‘ impossible. Hopefully 

Internatioiial Development Ihstitute will change that situation. 
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jji whiit wavs might the International Development In s t i tu t e 

accelerate the development process? 

I Xt can develop a sound research base for the solution of the 
critical problems of development which are now being encountered. 

I include among these the problems associated with rapid population 
growth, the need for increased food supplies and better nutrition, the 
problems of rapid urbanization and associated with it massive un- 
employment, lagging industrialization and the difficulties of trans- 
ferring technology. I believe that all of these problems are soluble, 
given the right kind of imaginative effort. 

2. The Institute, working with appropriate groups overseas can help 
develop local scientific-technological competences by helping to create 
and strengthen the kinds of local organizations which are necessary 
and bv helping to produce the cadres of trained technical people which 
are needed. Developing countries must develop their local capacities 
to identify and work on their own research priorities. 

3. The United States can develop the incentives and means to orient 
an increasing proportion of its total it. & D. effort to development 
problems. At present, a trivial fraction of our huge B-. & D. effort is 
development oriented in an international sense. We can develop 
research laboratories for the purpose, and encourage young people to 
choose development careers. We can help universities, industries and 
other research institutions gear themselves for effective technical 
cooperation overseas on a stable basis. 

4. Technical cooperation can be made into a truly collaborative 
venture, completely eliminating the “father-child” approach or the 
“master-pupil” relationship. We know from sad experience that the 

United States does not always know best. 

5. Technical cooperation can be put on a self-sustaining long-term 
basis, with continuity of support and programs. 

What practical results might come out of such efforts? I can imagine 
that we might in collaboration with our colleagues overseas develop a 
number of now approaches to the problems of population growth, 
can imagine collaborative development of a variety of high labor- 
input, low capital-input industries. X can imagine our jointly “mmi- 
industries,” suitable for many locations in developing countries. l oan 
imagine the development of a variety of new approaches to transporta- 
tion problems in the areas, to the problems of low-cost housing, sanita- 
tion and public health. I can imagine a rapid expansion of the Green 
Revolution to include more countries and more crops. X can imagine 
new educational techniques, new applications of food technology, and 
the development of new industries which will make maximum use of 

local resources. . 

About a year ago the Agency for International Development reor- 
ganized its own programs of technical assistance and created a Teolini- 
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cal Assistance Bureau. That Bureau which has a newly formed unit 
dealing with science and technology, has already demonstrated on a 
rather small scale what can be done in spite of numerous handicaps. 
Its experiences suggest that the International Development Institute* 
properly organized and adequately funded, can revolutionize the de- 
velopment process. 

How large need such a program bo? Star-ting out as a present level 
of about $500 million annually now being devoted to technical assist- 
ance, I would visualize that in time it could effectively utilize perhaps 
about some $2 billion annually on programs at homo and overseas both 
bilaterally and multilateral^. Although this is quite large compared 
with present programs, the situation is desperate and major actions 
are called for. And I suspect further that we would receive for our 
money a “bang-for-the-buck” unprecedented in foreign assistance 
efforts. 



THE ROLE OF SCIENCE POLICY IN SOLVING 

SOCIAL PROBLEMS 

THE UNBALANCED PROGRESS OF PROGRESS 

Staff an Bursnstam Linder 1 

The concept of science policy may he new and fashionable but the 
problem is as old as science itself. To allocate resources between com- 
peting projects and to determine the total size of the scientific effort 
is a science policy problem which those interested in scientific work 
have always been exposed to, Columbus, in trying to get funds to pay 
his way across the ocean, encountered this problem of science policy, 

if not explicitly so at least implicitly _ 

But, in the old days there was a more deep-going problem m science 
policy than the money matter. This was the problem of how to choose 
between truth and dogma when the two collided. If Columbus en- 
countered the menial aspect of science policy Copernicus met the old, 
fundamental problem of science policy. At that time the struggle be- 
tween the two sets of ideals must have caused severe social strains and 
the way the conflict was resolved has had wide social consequence. 
The results of science have transformed society but already the accept- 
ance of the method of science made deep changes in religious and 
political life. Once the right of scientists of pursuing the truth has 
been accepted, the freedoms of thought and speech which we consider 
basic to our culture are more secure. The strength behind the scien- 
tific ideals is shown by the fact that in countries where the liberal 
freedoms are sometimes denied, few efforts are nonetheless made to 
tamper with academic freedom. The difficulty of doing the .after 
probably restrains sinister wishes to do the former. However, ^ even 
if the threat to the ideals of scientific method have not completely 
disappeared a’ ? may present themselves again, this is hot what we 

.thinh of when we nowadays discuss 'soience policy, ; , . . 

Once scientific efforts were not only accepted but unhesitatingly 
promoted as an engine of progress, science policy did not cause much 
/attention. The money matter, of course, existed but at a time when 
thought was speculative rather than empirical science was alsu inex- 
pensive. It is only during the last ten years that science _ pol icy has 
beo-un to attract wide attention again. The reason for this was first 
that the costs of research, at least within the natural sciences, rose 

a Member of Parliament, Stockholm, Sweden ; Associate Professor at the Stockholm 
-School of BeonomlcB. 
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rapidly at the same time as it became more widely recognized that 
technical progress was the force behind the spectacular economic 
growth. Options became wider and costs higher. Thus, the problem cf 
promoting research without incurring prohibitive costs and of allo- 
cating resources between competing projects became more important. 

However, even if money problems form a part of science policy 
more now than before, the chief reason for the present attention given 
science poliov lies elsewhere. It is a fundamental problem that again 
has risen although now in a different shape. 

2STow it is not truth versus dogma but truth versus truth or, more clearly, 
truth versus abuse of truth. 

The problem is not that truth may destroy dogmas but that truth 
may destroy itself. 

That science is no guarantee of happiness may be accepted. And that 
economic growth built on the results of science and technology is no 
guarantee of happiness may also be accepted although perhaps more 
reluctantly. But, what some have come to suspect during recent years 
is that, actually, the causation runs the opposite way. Science, tech- 
nology, and economic growth may, instead of not guaranteeing happi- 
ness, actually guarantee unhappiness. 

This suspicion is of great social consequence. The idea of progress is 
the basis of our civilization since a number of centuries. It is since the 
Enlightenment the foundation of our social contract. It offers the hope 
which is required for the acceptance, the temporary acceptance, of the 
unavoidable ills of an unfinished society that is built on a principle that 
does not accept any ills. This is the principle of egalitarianism in the 
sense of happiness for all, I think that everyone who has been involved 
in practical politics is aware of the importance of the idea of progress 
as the escape when, unavoidably, hard choices present themselves. 

If the current suspicions are well-founded it may prove that their 
causes, through the abuse of truth and science, will lead to the destruc- 
tion of our civ iliz ation. The suspicions themselves may cause defeatism 
and even a reaction against science and technology that may com- 
pletely change the direction and position of our civilization. There 
may he a Luddite reaction against research. 

These problems are social problems which call for adequate science 
policies. They require measures of an economic and social kind, too,, 
but for continued; progress engineered through further scientific and 
technological advances these advances must be shaped through science' 
policy in a form which, prevents social strains, 

In order to, see more clearly what is required it is interesting to 
analyze the reasons for the present disbelief in science. I think that it is. 
possible to arrange such an analysis around the theme ( hat the problem 
of progress is that progress has progressed in an unbalanced way . ,1. 
feholl point at five different kinds of such unbalances, ' ■ 
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To begin with I shall repeat the often made observation that there 
is an unbalance between the progress of science and of man. There is 
no particular reason why the scientific efforts should have resulted in 
any moral advancement. However, for the results of science not to be 
abused, such an advancement is called for. Presently, it is not mng- 
nimity and greatness but fear that provides uncertain checks. Even 
if that fear is needed for restraint, if is a grinding feeling to live with. 

Secondly, there is an unbalance between technological progress and 
the capacity of man to adjust to the demands of the new technology. 
New techniques of production are intended to be our servant but 
sometimes they become our master. For the utilization of new tech- 
niques certain capacities not available to all are required, I 01 instance 
various statistics indicate that life in the big urban centers expo&o 
people to unexpected hardships. 

In modern society there seems to be growing minority groups which 
jjj one way or another have failed to adjust to the new demands. To 
this category belong criminals, narcotics, alcoholics and people other- 
wise socially and mentally handicapped. These minorities constitute 
serious social problems, class problems of a non-marxian kino. Xheii 
situation is aggravated by the fact that costs for rehabilitation and 
care are rising with rising wages, these services being highly labor 
intensive requiring skilled labor. The minorities of this kind are ex- 
posed to a new kind of poverty the backgrounds of which is not a low 
level of productivity but inability both to adjust to the demands of a 
high productivity system and to obtain adequate services in such an 
economy. 

Against the background of rising service costs we can also see the 
increasing difficulties for medical care and old age care. 

The third and fourth type of unbalance also concerns new types of 
poverty caused by economic growth. There is a dangerous misunder- 
standing that economic growth leads to general affluence. It only leads 
to partial affluence. It is the quantity of goods that increases but many 
other ingredients in a good life dp up become more plentiful. On c 
important example of this is that time at our disposal, for various ac- 
tivities together with, our consumption goods does not increase. We 
pffly have pur 24 hours per day at our disposal. When, as a result of 
economic growth/ the quantity of goods increases whereas the amount 
of time is fixed, time becomes more scarce in relation to: goods. Time 
becomes more expensive. It must be. more carefully husbanded. We 
all know how this is done ihprpductipn. ,^ere mom capital , goods are 
combined with each hour; of labpr 

same fc&ppras'ih : conwmp^nj com- 
biued with each hour of leisure ■ to yielda kiglicr. leyel of satisfaction. 
Since activities diffet as to the ease with which it is possible in this 
way to increase the pleasure associated with theinp there will be a re- 
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allocation of time among the various activities. Some will expand, otheis 
will decline. Activities which it is easy to make more pleasura with 
an additional amount of consumption goods per unit of time will ex- 
paiid, and vice versa. This reallocation will rise to important social 
changes, changes which at least some common tors would call Problem- 
atic. "Most of those activities which the original economic philoso- 
phers like Joh n Stuart Mill considered especially desirable and which 
they hoped and thought that economic growth would stimulate are 
activities, the pleasures of which cannot easily be expanded with dig- 
ger and bigger injections of consumption goods. To these activities 
belong reflection and meditation, most of the cultural activities, friend- 
ship ond love, peace and quiet. 

It is already pointed out the increasing scarcity of time which makes 
if difficult to solve the rehabilitation problems of the minorities which 
have been unable to adjust to the high productivity economy. It may 
also he that the strains of the heolicness of modern life is one reason 
why some people have difficulties of adjusting ond fall out into the 
minorities. 

'PPe, fourth unbalance is perhaps the most dangerous exam pie of the 
new poverty. Economic growth leads to an affluence of goods but to a 
scarcity of natural resources like air and water. The supply of natural 
resources decreases and the demand for natural resources increases as 
o result of production and consumption. When, through economic 
growth, production and consumption actually increase, the scarcity 
of natural resources becomes even more pronounced. As a result of 
this unbalance we face all the environmental problems, the threat of 
which causes serious social problems. There may be an erosion not only 

of the soul but also of the spirit. ^ 

A fifth unbalance is caused by the uneven geographic spread oi the 
benefits of modem science and technology. They have not reached the 
underdeveloped countries and the depressed areas arid poor regions in 
the rich countries. Thus, it is not only the new forms of poverty but 
also traditional poverty that causes social strains. ; t _ 

This is ho complete catalogue of the social problems caused by the 
unbalanced progress twogressYTi 1 ia s hna 

mechanisms and the resulting troubles, which, in the judgem en t of many, 
have lowered the prestige that science deserves for its great contribu- 
tions. To help to correct the unhid ances we require ; a science policy. 
Thus sdi cnee ‘ policy again takes on the inapdrtanchit orimriallv had 



but which it lost when the conflict between truth arid dogma had beeri 
riettledi There are three main strategies that may be pursued: • ' : 1 

- - "^v (a) ^Ooritiriuatiohhf; prCsentpril^^ 

(b) Prevent ion of bcieixtific axid tecliiiological progress, 

( 6 ) Adoption of a cautirifisihut well firiaherid^pra^am of tech- 
no! om rird develoriEaeriti.' ’ ' ! 5 :* ' : ‘ ‘ 
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A continuation of present policies is dangerous. The unbalances are 
not— as could be hoped — self-correcting in a way that unbalances in 
the market system are. At least the self-correcting forces are not work- 
ing fast enough to bo relied on. There are no supply-demand forces 
operating smoothly through a price mechanism to correct unbalances 
as had an invisible hand been active. In science policy the hand must 
be visible. 

The second strategy- — to let the hand stop the clock of progress — 
has its advocates at least within economics where there has been some 
talk of the “no-growth-economy' h It may also be noted that funds for 
science during the last few years have stagnated or even declined. 
However, to accept a science policy which would yield a “no-science- 
society" would not be acceptable. It would leave unconnected some of 
the unbalances which exist. It would mean that other unbalances 
would, actually, increase. The dangerous new poverty in the form of 
environmental problems would deteriorate as even a “no-gi’owth-econ- 
omy" would lead to a continued wearing down of natural resources. 
Finally, to accept suddenly a no-progress-society would represent a 
dramatic change in our basic attitudes and aspirations, a change, for 
which we are not prepared. It would probably cause severe political 
strain as so many political conflicts are solved through promises of 
betterment and outward signs- that the promises can be at lee* «< partly 
fulfilled. ■ 

Instead, our conclusion must be that we require science, and require 
it badly, to solve the problems that the application of science has 
caused. However, this science must not result in new problems bigger 
than those solved. There is in the progress of science the inner ele- 
ments of tragedy: science has created forces that Aah be controlled only, 
through, -more, science:- but this new science may impose- its own threats. 
To avoid a final tragedy we need a science policy and that science 
policy must follow: the third strategy of a cautious, but well-financed' 
progress of technological de velopment. Such a science * policy ■ can ;bo 
divided into four parts.).. r--b * -•’» v f<i « « j i; - 



(A) DETERMINATION OP. THE TOTAL. 11 . & U. KFFOT 1 T AND A OIiOC! ATIpN 
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OF FUNDS BETWEEN COMPETING FBOJECTS 



r.F-A i A ■* li- J i 
hi it. Ohei I hi 



This is the traditional resource problem which has^ becinmr rnote- 
pressing v due to- the wider op tions and 1 higher > Cos ts« t There 7 is a nee d 
for ; policies j.tb- mi anage science as such- botlif -within &v country • and- 
through international . cooperation! to: get 1 the : highest ..possible returns ii 
Howe ver y in the final! Analysis other considerations rhustmow t 
There must, as we have, scen,eboi an evaluation of 'the wider e 
consequences. ! We require what we can call; ws“manageraenfc of m- ; 
sights^ onivthetlollpwi^ three lo vcls- influencingbthe hnal allbcation 
of^esburceshc^ujAti LOhdLgc. l&ittfsiijwf uyi n vt cut f mu'# w 
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(B) REGULATION 

As a result of the dangerous side effects of many of the results of 
science it is important, as part of a science policy, to determine if and 
how these results can be controlled. The control of atomic power both 
in a mili tary and civilian context may be mentioned as an example. 
The possibilities of exerting such control must be taken into account 
in determ inin g whether to promote or not promote technological 
development in particular fields. 

(O) FORECASTING 

Through technological forecasting which is part of the modern 
future studies it is possible to make informed guesses of prospects 
and problems. Such forecasting can improve the quality of the allo- 
cation of funds between competing projects. It can do this especially 
by serving as the starting point for technological assessment, 

(I?) ASSESSMENT 

This is the part of science policy which is the most discussed re- 
cently. Assessment goes beyond mere foreeasting in trying to evaluate 
systematically the advantages and the risks of new tech oologies. The 
assessment can be either of a certain technique or of the possibilities 
of solving a certain problem through alternative strategies using dif- 
ferent technologies. 

The analysis of the various unbalances of progress serves not only 
to illustrate the need for a science policy but also to facilitate comment 
both on the possibilities and on the limitations of science policy. 

There are certainly possibilities for science policy to help us to re- 
main within a context of real progress. It should be possible to find 
ways of relieving the problem of . traditional poverty, underdevelop- 
ment, due to an uneven spread of technology. Through a determined 
effort technologies suitable for the conditions of underdeveloped coun- 
tries could certainly be prompted. The underdeveloped countries form 
what lias boon called a “research desert” and since pm 1 economies have 
blossomed through technology i tlieir economies are unlikely to grow 
sufficiently fast in such a desert, if •fj'rrvon**. rs{KU ; < i ■ prsd • ; 

Similarly,, it' would, be surprising if important- results couldmot be 
reached tlrrough a. careful assessment both of new.’ technology from .the - 
point jof viow-t of Its i ecological.?, consequences andnof > enyironna cn tal 
problems, > and: s alternative >! technologies to handle them VI It? would > be ! 
surprising, since so < little > h asiboeu >■ done., in this/ direction and since in 

this ease;t©fihnologies interact with.nature.rather than with the «humah> 

'SQ^>'^hps > lit^bffldv ; b&)posdiblehto/adv^^e-thTOu^hfia&^tilizatapniiipf's 
the methods and arguments of the natural sciences themselves; iTmview.’ 
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of the seriousness of the environmental problems science policy would 
be called for even if it could not do anything more than to relieve 
these pressures and the social strains that follow from a powerless 
watc hin g of the thickening clouds. 

But that there are l imi tations of science policy should not be over- 
looked in the present enthusiasm for such policies. Science p obey 
cannot' do much to correct the unbalance and pressure which arise 
when belligerent and antagonistic man is better and better equipped for 
a nnihil ation and only grinding fear can provide checks. Hopefully, 
peace arid conflict research in an assessment could be found to provide 
insights into how a more enjoyable foundation for peace than fear 
couid be found. Some consolation could also he found from the fact 
that the superpowers in an evaluation have reached the conclusion that 
some defense research is associated with dangers for all parties con- 
cerned. Thus, they have shown signs of stopping such research. Such 
a sign is the U.S. declaration of not wanting to utilize biological wea- 
pons even for defense, Research on such weapons carry the risk that 
methods for their production could become simple enough for a multi- 
tude of countries to learn them. However, on the whole, it is rather a 
change of heart than a change in science policy that is required to cor- 
rect the unbalance between technology arid the inner qualities of man. 

A change in values rather than in science policy would also be 
required for more people to avoid a stressing pattern of life where 
economic growth is permitted to result in a hectic utilization of time 
in commodity intensive activities. JMo science policy can correct this 
kind of imbalance even if soieritific explorations of modern ways of 
living to more people may reveal some of its futilities. 

Opponents to science policy may argue that not only does such a 
policy leave many problems unsolved but it creates new problems. 
There may, in particular, be a fear that science policy would mean a 
mampulatiori, for political purposes. However, modern science policy 
is not concerned with the old problem of the conflict, between truth 
and dogma. In fact, science policy may be required to avoid political 
in ai lip u lat.ion through the results of technology. The + 1 -**- 

not so much that certain projects will bo stopped i 
poses but that Certain projects will be promoted for such 
science policy could permit a more open debate oh the. disadvantages 
and merits of the policies chosen. , y .. ; •. ... 

‘ To reduce the risks for political abuse basic' research should not be 

CxribiCd- tb j more than unavoidable'"allocati6n process of sen.™ <' ta- 
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Writings within the social sciences may instead be politically con 
troversial and a system for interference could be abused. Furthermore, 
research within the social sciences is inexpensive which means that 
careful evaluation for appropriate allocation of money is not as 

necessary. . , 

Finally, a limitation on science policy is that it is easy to say but 

difficult to make. Dr, Harvey Brooks has rightly pointed out that 
“many of the current demands for better scientific planning are 
probably as naive as the early demands for economic planning”. 

One limitation exists for small countries. As in the economic con- 
text they will be highly dependent on what happens elsewhere. They 
have difficulties in making a wise allocation of resources in isolation. 
They do not have resources to make all around technological assess- 
ments. Technologies developed elsewhere become, as a rule, part of 
theh system without any particular evaluation. For the small coun- 
tries to pursue a science policy it is necessary to engage in international 
cooperation. Only the US has resources wide enough to roly on a 
national science policy. However, even the US must in many instances 
fall back on international cooperation and will he influenced by 
actions taken in other countries. One field where world wide cooperation 
is required is in the control of the environmental hazards. 

A limitation of a different kind arises out of uncertainties. No matter 
how carefully science policy evaluations are made they must be carried 
out against the background of great uncertainties about the future. 
But there are also uncertainties in the present. Through unproved 
methods for cost-benefit analysis it may he possible to base decisions 
on firmer it’ to attach weights to the 

advantages of, competing technologies and strategics. , , .. - 

The same observation could perhaps be made with , respect to most 
political decisions. However, correct decisions in science policy 
requires more expertise than is generally found among parUamen tar laps 
who must have many other strings on then bows, The more compli- 
cated; the world and the more important the science policies, the more 
important that pofiticians shift some of fhen mt^re^t p^r .^o ^ 
standing of the technical complexities and that they^ are assisted in 
so doing through. ii^titi^ntU ^ updating them contact 

with technological prohle^as. ,, , ( a ‘ ‘ . 

>The ' uncertain situatibh of politicians^^ 

1,0! iev is a difficulty. v Ah even greater and it 

Ltempts ore We to inU oc^u* a greater ot do...c,^ac| 

in the formation of science polioy. Th^ if, a a ' l « mmft ; Tho d ^i : ^}V 
of the lay man to participate in seienee policy discuanona .« equal to 

rlpbiitc. Otherwiseit may be impossible 
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long run imperatives. In various ways— for instance, through an im- 
provement of general education. — such difficulties may be reduced. 
However, their unavoidable existence puts an even greater responsi- 
bility on politicians to show leadership and demonstrate political will 
in the search for wise science policies. 

Against this background the Committee on Science and Astronautics 
is to be praised for its many important initiatives in stimulating 
debate of science policy matters. 



INTERNATIONAL SCIENCE POLICY IN THE 
MARINE ENVIRONMENT 



Jacques Yves Cousteau 1 



I have been asked to express my views about international science 
policy as we have observed it in the marine environment. I will 
start by outlining the deep concern that is felt by observers like 
ourselves about our environment. 

Looking at our little endangered planet from out in space as the 
Apollo crewmen did, I will try to review in that new perspective very 
briefly the goals of environmental science and finally outline a practi- 



cal emergency plan. 

The news, as you all know, brings to us every day additional reasons 
to fear about our environment, an mainly from the sea, because the 
sea is the universal sewer where all kinds of pollution end up conveyed 
by rain from the atmosphere and from the mainland. Large oil tankers 
collide, Ank, burn. Lakes and rivers are poisoned forever. Coral reefs 
die rapidly. 

All other the world automobile ; exhaust turns the air of our proud 
cities into a fluid dangerous to breathe. The lead content of fill oceans 
has increased 500 percent since 1938. Pesticides soften the shells of 
seabird eggs. Shipments of canned crab are found radioactive. Tuna 
fish is poisoned from mercury- - People get hepatitis from swimming 
in the North Sea. There is now not one single beach which is not pol- 
luted l>v oil and tar. I can add many hundreds ot such statements 
that are all easy to verify. 

In our diving crew, the veterans like Falco, . Gemma, and myself 
are very special witnesses of what is going on in the. sea. For more than 
20 years we have dived in all places around the world.;; VV e have tried 
to estimate— and we are full y aware that this is no scientific. measure- 



men t-H-the decrease * of ! all , population,; in; (he open ;ocean as •well.- as 
near shore and near distantislanfls.i Durin g these 20 years in the. places 
that we were lucky enough to visit twice, our; rough estrmate is that 
•the decrease of population and thevi tali tyioh the ibeeanis down more 
than 40 perceritvin 20 years— may ^he 35,'itmayjbe45 put : is that 
order ; of magnitude. . v ru* d ’• d'rt-i; . i<e as olem pusl ; tUMrtr-fnti-.-- 

> T The primary production of the sea may, not be affected to tli at <same 
amount, j Weihavs’ not been cable ! to; measur€t th©»piimary production 
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for long enough to be sure. The special concern of the environmentalist 
is that the destruction spreads in what appears to be an exponential 
mode. The only reason for hope at the moment is the growing aware- 
ness of the public, especially in the United States and in Europe. 

A survey that I made from the tens of thousands of letteis that X 
have received, proved that adult men above 30 yeais of age do not 
worry as much as housewives who fear for the very future of their 
children, or as much as young people who have today access to much 
more information than the adults have. 

Two years ago a decisive event made a complete revolution in the 
thinking of every man. For the first time our planet was contemplated 
by human beings from outer space. It is a cliche to repeat it, but w© 
cannot avoid it because it is decisive. 

X met in Paris the heroes who had been first to walk on the moon. 
What they remember mainly from the moon is how beautiful the earth 
is. Rare and beautiful, because it is the only planet in our solar system 
to be attributed with appreciable quantities of water. Overnight, all 
living humans realize it. 

Yes, earth supported life only because it had water, Walei and life 
are inseparable- Poisoning water is an assassination. It would eradicate 
all life on earth. This is what everybody realized in Africa and Asia 
as well as in America. 

It is not possible to study a phenomenon without relating it touts 
global mood. That is really what the Apollo revolution is about. Men 
were in vaded by a frightening feeling of isolation in space. At the same 
time, they felt an urge for solidarity. Today's youth feel lonely and 
grope more than we did when we were young, because isolation gen- 
erates the need to get honest comprehension and conimunication, 

Apollo’s influence is to be felt in everybody’s everday life and in 
science as well. Moon rocks and rocks from the bottom of the sea 
collected by the ship Ol&marCJhallenger tell the story of the solar 
system. Airborne and aerospace oceanography broaden the under- 
standing of the ocean, which was pretty narrow when we only had 



u.ps to study it. •- •' v ; •• ■’ y . - k* /•’ - v ; . ' , ■' . _ . - 

Scientists compute global quantities of; carlxuitinvolved m the life 
cycles, in carbonates, or in fossil ifuels yet to be discovered , with an 
incredible precision. Frightening news came from biologists recently 
who have how an idea of total living organisms compatible- with condi- 
tions ©riieafth and measure the very slow ratewof exchanges possible 
between the main masses of the biosphere. Sea fife between the surface 

andua -tfibusahd feet in tthe open oceans isjpracticallyiisolated from Jthe 

rest of the biosphere, Avith extremely slow exchanges. These are the 
latest discoveries, md. it ■ i^efms preying on our capital in the 

open opean depletes the stock with no possibility to put it back before 
mfifiohs of years. 
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Oceanographic measurement must now be obtained worldwide 
simultaneously to have meaning — -the product of a giant network of 
photometric studies to be implemented by airplanes by the tens of 
thousands, keeping us informed better than the meteorology stations. 

Scientists are working toward such global projects as weather con- 
trol or even flattening the sea. Because of the political, sociological, 
and philosophical consequences of Apollo's vision of our planet, 
X would say that the very basic goals of civilization, are being 

reevaluated. . ■ 

Production of goods and competition for this production . ore no 
more goals in themselves; but if properly redirected, industrial pro- 
duction will be more indispensable than ever because the happiness 
of man is not what activities he aims at, but what he should aim at. 

Here I open a paradox: The environmental alarm is useu widely 
by extremists for subversive aims. Wo should be very cautious not to 
fall into two of their traps. One would be to react and say, if the 
subversive people are using this, we are to discard the entire subject. 
We also should avoid the attacks that these people, are aiming at our 



industrial Western civilization. i . 

In between there is a reasonable equilibrium balance to keep. In 
order to enable mankind to carry on its course in the pursuit of happi- 
ness, the essential needs are obviously the elimination of hunger and 
of the basic needs for all men, the elimination of disasters, better 
health, increase in life expectancy, enjoyable peace, raising the intellec- 
tual level of average activities of leisure, and mainly promoting 
cleanliness and beauty of man's environment. _ 

It is toward this new perspective of the world that environmental 
sciences are now progressing. Worldwide, as you know, there is a very 
general shift from the basic, uncoordinated science that was born in 
the small laboratories under indiyidual initiative, toward oriented 
sciences performed by large teams and programed with a small degiee 

of freedom in its research. , : ^ , . • . . - 

Many of the scientists are sorry about it, but that is the way it is. 
Less money is given by all governments for uncoordinated science, 
while more money is given for applied oriented scioncie. ^ This is 
because today the role of science is just to mako things possible, not 



to decide the policy. ; V 

Before X outline the plan that X propose^ at a Council of Imrope 
2 months ago, I would like to recanbriefiythe few prnmixfles on whieh 
this proposal was made. I said a moment ago that^ there was a quasi- 
identity between water and the life cyple. There is also evidence that 
all pollution ends up in the oceans, whether it is atmospheric pollu^ipn, 
land -pollution, or sea pollution. So it is obvious that the pn|y yyay tp 
get rid of the pollution wliiehexMts 

f mm our effluents .in the water .oyclp. . , c ,j-. : .. i y . p jiv/- -tem- 
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This isola tion may mean to dehydrate or to isolate, but it has to be 
isolated from the water cycle. If we do so, if we reach that goal, we 
are saving literally the possibilities of survival. 

The amount of pollution that is produced by mankind is of course a 
complex function of industrial development and of population. The 
industrial development can be curbed a great deal. The more difficult 
thing will be to control population. Many of my associates and 
friends consider the population explosion os the superpollutant. 

Also we must admit that the scientific knowledge that is available 
concerning pollution is very small. Every day a new pollutant is 
discovered. Every day some concerns are modified. Two years ago 
there was, no concern at all about mercury pollution. Today it is a big 
thing. What is tomorrow going to bring? This shows our ignorance in 
this field. 

Something that is a guideline for action is that whenever possible, 
persuasion is preferable to coercion. There is also a basic principle in 
the control of pollution. It is that this control he officially given to 



private, independent agencies 



Eor what reasons? 



the world over — I am not talking about 



any country at the moment, but the world over, governments are 
among the biggest polluters, and today they control themselves. I 
will give you a concrete example, because that I have the right to say. 
When my country explodes an H-bomb in the Pacific and says it is 
less harmful than to wear a wristwatch, everybody smiles; but it is 
tragic, because it doesn’t’ mean anything. It is lying. 

When a big polluter pays for a full ad in the newspaper to explain 
that their own ana yl sis shows that their fumes and effluents are harm- 
less, it is obvious what they print is right. But they don’t print every- 
thing. Accordingly, if is a basic principle of justice that you cannot be 

at the same time judge and be judged. 

There is no way to get the truth to the people except in giving the 
controls to independent, private agencies. This is done for ship running. 
In England it is rddyd’y * here I don’t know what it is. They are private 
companies tHfik Ha ve acquired a semiofficial position and that are 

trusted.by everybody.' : '/ V : ‘ ‘ "V ’ i r ’ • 

* ' go Tor control of pollution the world 

around. I spoke a moment ago about persuasion I would emphasize 
the -fnlift ah d ih e lUaji 6rt ance of ‘the young people. Today,as youknow, 
when children come back home, in most of the cases they know more 

ill JUL* i-ii i£L ! WH t.Vi/iir nnre.nt.R Tndav ID. the 




kids get 

television, from books. It is a para- 



i ri 



their' ihfohma^idn' at school,; i 

. . .... . .. „ : ; , , , 

The J teaBfi;yrs ,: ; asso ci^ tiofis v hay^ They are all 

concerned with the environment. They teach the ba, ,o facts to the 
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kids and the kids in turn introduce these facts to the homes, so this 
is the circuit hj which persuasion con be spread. 

About overpopulation, we do not know exactly the law that corre- 
lates pollution with industrial development and number of people. It 
is obvious that it is a function of both. If we wore able to measure 
pollution, and if we are able to determine the total amount of pollution 
that the earth can stand without definite damage, then wo could draw 
the maximum number of people the earth is capable of supporting. 

' Obviously this number would decrease regularly with the increase 
in industrialization. So the advisable pattern for population is a pro- 
gressively decreasing pattern whereas it is now an exponentially 
increasing pattern. I am making this remark because I have no solution 
for tins problem. It is the biggest one. As long as it is so, the rest will 
be of little account. 

Nevertheless, let us outline a pi’ogram of action. VV e have estimated 
that the amount of money allocated to the sciences of pollution and 
environmental sciences should be multiplied by a factor of 20— min- 
imum,. Results will be slow to come, even at that pace. So action must 
he taken before results are obtained and corrected according to the 
new knowledge acquired. But it would be a fantastic mistake to wait 
for the scientific results before taking action. 

That is the first point of the program. The second point is to educate 
the public, the buyers, and the consumers, not only to explain to them 
what is going on, but to give them practical ways to fight and to influ- 
ence the ■ producers by their demand. The consumers are the key to 
everything. So this education, instead of being subversive, should be 
organized officially and approved. 7 ' ' ' ; - 

The third point is the persuasion of the polhiters that profit can be 
made through the increase of business volume that will be brought 
about by the fight aga in st pollution. Protection of the environment is 
another one that should be considered that way by industry. Ac- 
cordingly, the cost of protecting the environment should be auto- 
matically included into the cost of production, the same as raw 
materials, salaries, overhead, investments, taxes, et cetera. 

It has been computed that the amount of increase of the gross 
national product or of the price in general, would be about o or 6 
percent of today’s prices, which means that in a trillion-dollar econ- 
omy, the cost for the economy would be $50 to $60 billion a year. 
It is not impossible, but it is way beyond the means of Government, 
The solution is not within the Federal budget. It can oiily be found at 
the level of the economy. In order to add a little discipline to the 
persuasion and to the education, there must be regulations. These 
regulations must be intelligent, comprehensive, and mainly they must 
be national and international. 
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But there is a trap. When you speak of international action, every- 
body can visualize immediately the slowness and the impossibility 
for the following reason. The biggest polluters are the nations that 
have the highest income per capita. They are also the only ones tuat 

can fight pollution. . ...... . 

The other nations do not have the financial possibility to avoid, 
for example, certain pesticides. They cannot help it. They do not 
have the possibility to include the protection of their environment m 
their gross national product, but they pollute far less than the ncher 
nations. If we wanted to go through regulations from the United .Na- 
tions, we would never obtain anything. 

What I have proposed is the b the main polluters get together and 
t*o into action. These mein polluters are Japan, North America, 
Europe, and Russia. If these groups of countries. get together inde- 
pendently- from the United Nations to adopt a policy, it will immedi- 
ately bring down pollution by about 80 percent. From there on, every 
country could join later and individually according to their develop- 
ment. These are the simple lines that could be adopted fairly quickly, 
provided that a strong will is expressed by the people. 

I will finis h by saying that with the image that already has been 
described by some people in NASA, I think, of earth being a space- 
ship then the oceans are the only water supply of earth’s astronauts. 
Assuming that this is true, and I join it, then I would like to odd 
something: all the problems to save the environment and to make 
the future of our children possible is subject to lasting peace When 
we look at the earth from the moon, as the Apollo commander did 
and if we consider our earth rs a spaceship and the earthly astronauts 
as the crew of that spaceship, I would say wars can be analogous to 
mutinies aboard the ship. : 
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POTENTIAL CONSEQUENCES OF EXPERIMENTATION 

WITH HUMAN EGGS 

James D, Watson 1 

Several years ago a most remarkable frog grew up in Oxford. Its 
origin did not lay in the union of a haploid sperm cell with a haploid 
egg, the fertilization process which ordinarily gives each higher 
animal a mixture of paternal and maternal genes. Instead this frog 
arose from an enucleated egg, into which had been inserted a diploid 
nucleus from the intestinal cell of an adult frog, hlicrosurgiehl lenroval 
of the maternal nucleus from this egg had denuded it of any. genetic 
material. But by subsequently gaining a diploid nucleus (as opposed 
to the haploid form found in a sperm) the egg acquired the chromo- 
some number normally present in a fertilized egg. As such it could be 
activated to divide, thereby setting into motion the successive embryo- 

logical stages which cuiitdhate in an adult frog. , u , .. . 

The genetic origin Of this frog was thus very different from that of all 
previous frogs, one half of whqse chromosomes .came from the male 
parent through the sperm, the other half from the female parent 
which produced the egg. Normal fertilization processes by combinihg 
genetic material from two different parents always generate progeny 
uniquely different from either parent. In eonti ast, the Oxford frOg 
derived all its genetic material from the individual whose intestinal 
cell was used as the nuclear donor.Thc genetic cqmplemenjj of all its 
diploid somatic cells (as opposed to its haploid sex cells) was thus 
identical to that in. the donor frog. So, in effeefc, it was an identical 
twin of the donor frog born some months before. Furthermore, since 
every adult frog contains millions of cells cap able of being used as 
nuclear sources, the original dohqr coidd serye^ as t^e gege^ 

parent of thousands of progeny identical do itself 

This type of reproduction is generally referred to as a clofial ^ 
d potion. (A clone is the aggregate of the asexually produced progeny 
of a single cell; for example, all dh© b^teHa 

present as a colony upon a petri dish.) The genetic identiciilness ^ of all 
members of a clone arises from the fact that the normakprocess of cell 
division (called mitosis) produces two ^daughter cells, with identical 
chromosomal complements. The nuclei of the cells (ffai^d f 

intestine are thus identical to; those -^ay'muts 
li^ef dr brain. 5 . 

'... A Professor of biochemistry. IlurVar J ; Unlverslty, parnb|;idee. Massachusetts,, , r> ,. f gp 
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In contrast, the cell division process, called meiosis, which generates 
the sex cells reduces the chromosome number in half. Only one of each 
pair of homologous chromosomes enters a sperm or egg. Moreover, a 
completely random event determines whether the given chromosome 
is of male or of female origin. So no two eggs (or spe, arising in a 
given individual are ever genetically equivalent. No two sexually 
produced frogs, having the same two parents, thus will be identical 
unless they arise by the rare splitting of an already divided fertilized 
egg into two separate daughter cells, each of which goes on to develop 
into a complete embryo. (This is the process by which identical human 
twins are produced.) In contrast, all the members of a clone produced 
by mitosis will he identical, except for the occasional mutant cell 
resulting from rarely occurring somatic gene mutations. 

The existence of the first clonal frog, the result of the work of the 
English zoologist John Gurdon, was a very important scientific event. 
He^settled the long controversial biological dilemma of whether the 
process of cell differentiation in frogs was primarily a cytoplasmic or 
nuclear event. During embry ©logical development, the progeny cells 
which result from the cell divisions commencing after fertilization 
become changed (differentiated) into a variety of morphologically 
and functionally different cell types. For example, muscle cells, 
nerve cells, and skin cells of a single individual all have a common 
ancestor in one fertilized egg. Most differentiated animal cells, when 
isolated from contact with other cells, continue to divide and maintain 
their specific differentiated state. This fact posed the question of the 
nature of the factors which maintain the specific form of a given 
differentiated cell. In particular, does differentiation occur through 
irreversible changes in the nucleus which somehow alter its chromo- 
somal mak eup, perhaps by the mutation of specific genes? 

Gurdon’s clonal frog cleanly settled this point by showing that a 
nucleus taken from a highly differentiated cell still retains its capacity 
for directing the development of a completely normal frog. Differentia- 
tion thus does not involve, gene mutations. Instead.it must be based 
upon complicated interactions between the nucleus and .cytoplasm 
which effectively command certain genes to produce the specific gene 
products j heeded for, a given differentiated state. But as soon as one 
such specialized nucleus is removed from its gi ven cy tnplasnuc^ en viron- 
ment, for example by mici-psurgical introduction • into a new cytoplas- 
mic efivuhhment, the instruction which its g ? nes recerre ^ no loiiger 

set, pig^ 

whnn^ 1| ; nuoleui * ai W ^&erehth^ ^^aqed.3^0 . ap 

efmeleated ur.fortihzed; egg r ii ; quicldy sets into motion thence™ 
steps <^f eihbryol^ic^ firsfc fche 

^TfrTqles^^ hasih ^ihfc^te 'hdjfi for 

the largo majority of differentiated cells? Now I suspect most biolo- 
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gists will guess yes. In general, very fundamental phenomena, of which 
differentiation is one, do not have a different molecular basis from one 
organism to another. Moreover, it is already clear that differen tiation 
hCseveral plant species does not involve irreversible nuclear changes. 
How it is routinely possible to produce mature plants starting from 
highly specialized somatic cells of diploid chromosome number. For 
example, mature, carrot plants can bo produced from, single callus 
cells that are placed in proper nutritional environments. Thus it is 
highly lik ely that the embryologieal development of, most higher 
animals, including man, involves the creation of countless numbers of 
somatic nuclei each capable of serving as the complete genetic material 
for a new organism. This means that, theoretically, all forms of higher 
animal life may in effect bo capable of clonal reproduction. , 

If true, this situation could have very startling consequences as to 
the nature of human life, a fact soon appreciated by many magazine 
editors, one who commissioned a cover with multiplo copies of Ringo 
Starr, another who gave us overblown multiple likenesses of the 
current sex goddess Raquel Welch. It takes little imagination to 
perceive that different people will have highly different fantasies, 
perhaps with some imagining the existence of countless people with 
the features of Picasso or Prank Sinatra or Walt* Prazier or Doris 
Day. And would monarcbs like the Shah of Iran, knowing they might 
never be able to have a normal male heir, consider the possibility of 
having a son whose genetic constitution would be identical to tbeir 

Clearly even more bizarre possibilities can be thought of, and. so 
we might have expected that many biologists, particularly those 
whose work impinges upon this possibility, would seriously, pop-der 
its implications, and begin a di^ogiiew^^ ^ 9 ^ d ®4uc^te tho world's 
citizens and offer suggestions which our legislative bodies might con- 
sider in framing national science policies. On the whole, however, tiffs 
is not at all what has, happened. Though a numberqf scientific papers 
devoted to the problem of genetic engineering haye casuaUy mentioned 
that clonal reproduction may someday be witlu us, ^e r^cussion to 
which T aid party, ha^e beeddowa^^ 

. estimates as to be f vh:tua^WQpd?ffihf f Vi ewi 

Does .this effective sUence imply .a.oons^aoj;, ,to koept^e geporal 
public unaware of ,a potential threat fo their basio "fays f>k 
it be motivated by fear that, the general reaction w m byt furth ? r 
damning of all science au.1 thereby, ,decre^ tlio lm,.te.<l 

of:fatipn^yjtliitikii,g only ^bput Pb^e seienee^disn^sing W9??]:J\ r 2 c ? :, r 
cal .nalWs^iulijects, for the lajvycre^etudcji.ts.. slergy,;.^ p^an? 
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One or both of these possibilities may explain why the occasional 
scientist hasnot taken cloning before the public. The main reason, 
however, I suspect, is that the prospect to most biologists looks too 
remote and chancy— not worthy of immediate attention when other 
matters, like nuclear weapon pverproliferation and pesticide and auto- 
exhaust pollutions, present society with immediate threats to its 
orderly continuation. Though scientists as a group are the most 
future-oriented of all professions (some investment bankers would 
probably disagree) there are few of us who concentrate on events 
unlikely to become reality within the next decade 5 or two. 

Behind the general belief that the development of techniques for 
cloning any mammal, including man, lies far in the future, are funda- 
mental differences in the bmbryological development of mammals 
and amphibians like the frog. These differences reflect the very dif- 
ferent environments in which amphibian and mammaluin embryos 
develop! All : the frog’s embryologioal development, even in the begin- 
ning fertilization stages, occurs, in-vitro, outside the body of the female 
parbnt, generally in the nutrient-poor environment of fresh water lakes 
ahd ponds i Thus all the food supply necessary for grow th to a develop- 
mental stage capable of in dependent feeding, in the case of a frog to 
the ' tadpole stage/ must initially be present within: the unfertilized 
egg. As a result, amphibian eggs are not only Always relatively large 
l>ul, all their developmental stages are capable of relatively easy ex- 
perimental investigation. 

I n great contrast are the eggs of iff acental bearing mammals. Tliiii 



ERlC 



aggs ar© r ©1 a ti vcly sriiall siixo© tiiey liave to . contain only bn© no unsn-* 
mint hebessary tq f reaeff approximately the (54-cel l stage. /At this 
)0 int the tiny embryo implants itself on the yraff bf the u^eims, a 
placenta 1 forms, and ail s the food molecules necessary" for subsequent 
nnbryonio growth comes from the female pit rent. N"ot only does i(he 
tmall siie of Such mammalian eggs make experimentation very diffi- 
eult;ipht eyeitmdth all tiW;si;agehGf^ 

dbcuh withih th,e Ovary;, o viduc t oruterus ; AT or e oyer/ thbre seems to 
real project; tha!t: any 

in Mhb enibrycv* 

genesis of any mammal .is much, ' ‘much" i^&f;ho^plete'’t^&4£ ' of 

b66«bfatin-!titro'h^ 



of a nucleus whose 'mameter is oruy some two or uu ec. tunes ies», tu»u 
that%f tM"bgg^ were Aver AdnM^to suc- 

cessfuffyimsb^ equallychaUengingtaskof 

finding conditions for the in vitro growth of- the nAMffiedbgk through 
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to the adult stage would still lie ahead. Thus the clonal production of 
h um an beings has seemed to most geneticists an event so unlikely as to 
not be worth stirring up public attention. 

This assessment would be correct if the pace of research on human 
reproductive biology would continue at the current rate. With a ow 
exceptions, work on the early developmental processes in man has 
not been seriously pushed either here in the United States or elsewhere. 
As a result, there exists a scientific lacuna so serious that it deeply 
disturbs those people who realistically worry about overpopulation 
problems. They believe that more basic biological knowledge about 
human reproductive processes would be very helpful m slowing down 
the fearful rise in the number of human beings. Consequently, already 
there is much “population” money available to induce more people 
to move into the field of reproductive biology, hopefully to learn in 
great detail the step-by-step processes by which a human egg is 
ovulated, fertilized, cleaved, and moves down the oviduct to implant 

on the uterine wall. . , , 

A key iiigredient to obtaining this information is the development 
of methods by which the early embryologioal stages of mammals can 
be studied in vitro. For as long as study is restricted to work on intact 
anim als, experimental work, as to be distinguished from observational 
analysis, will be virtuallyimpossible. Most importantly, though un- 
known even to most biologists, the beginningsof first-rate research on 
the in-\utro cultivation of mammalian eggs has already occurred. 
Techniques are in fact available for the isolation of mouse eggs, their 
fertilizaMon in vitro, tihd subsequent cultivation under test tube 
conditions which permit growth to the 6d-cell stage. At ^ tins 
point the embryonic body (called a blastocyst) can be sur^cglly 
irdgidhted Wfeatb the uterus^ of a Hvingmouse, where it can eventu- 
ally developtqthe mgC at which normal bhtdi: occurs. : 

Tliis raearis fcliat most of tlie ^ a 

clonal mouse are already available. The only serious obstacles re- 
miming arfe the development of methods for jfcefreraoyri of the haploid 
maternal nucleus and the^subsequenV addition' of 'a diploid ;;ad|ilt 
,i^us?Nq^^^ Wl1 . 

he lyriou^ For some years it lias been ImoWir tliataddition of the 
mitotic poison colchicine to preovulatopy^'imcc lepfis;to ahr^mah 

meiotic divisions which frequently produce niiclcar-frep e ” 

o^i, V^y receht work suggests dhat colchicine acts similarly. 

^/linfertmzed^ ® >ducK feen^u^cal^ 

remh^bd hbtflthy enucleated eggs ^ are prb‘duc ; e£. 

iUlodkk lto;iFe nublear insertion .jirbeess might 

lie Snpdierb ll Arm^?as 

^fe:dyvei<$mehF 

two cells to yield a singleeell containing the gene ticicompounds pf 
68 - 413 — ? 1— -“11 
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both donor cells. Though the existence of rare examples of cell fusion 
was first clearly demonstrated in Paris by BarsM in 1962, not until 
1966 did Henry Harris and John Watkins working m the Pathology 
Department of Oxford University develop a routine method for easily 
fusing almost any two desired cells. Their contribution was the intro- 
duction of ultraviolet light-killed Sendai virus (a close relative of the 
common flu viruses) . In some way not yet understood, adsorption of 
large ■_ um bers of Sendai particles so modifies cell surfaces that when 
two so-treated cells touch each other,- portions of the opposing cell 
surfaces effectively dissolve, thereby creating one much larger cell 
containing two nuclei. Subsequently these nuclei often coalesce yield- 
ing a single nucleus containing all the chromosomes present m both 

original nuclei. , .. 

During the past 3 years Christopher Graham, also at Oxford, 
has been using Sendai virus to fuse mouse eggs with diploid adult 
mouse cells. The resulting cells still retain the essential features of an 
egg because even the relatively small mouse eggs are much larger 
than most diploid adult cells. While the fused eggs can divide several 
times, they so far have not yet developed into blastocysts, the stage 
necessary for successful implantation into the mouse uterus. . Con- 
ceivably this limitation results from the need to remove the zpna 
pellucida (a normal protective covering) for the Sendai virus fusing 
trick. Conditions must thus be found; either to fuse eggs which retain 
the zona pellucida or which permit unprotected denuded eggs to 
develop normally to blastocyst. A reasonable guess is that Graham 
will succeed, if not this year, most likely within this coming decade. 
The clonal mammal then will no longer be science fiction. 

A likely consequence will be initiation of similar experiments with a 
variety of other mammalsj ihst, with easily obtainable laboratory 
varieties of hamsters,., rats, and r abbits > » and soon , ,af t eyyy flld ^)Vi.th 



ecqnomicaUy important domestic animals like cattle, ^heqp, and • pigs. 
T^ibugh ^t^oduqtibn of such* ^imkl ^ 
seem aS jbrst liKewnomic ma^nbss^ many veterinarians, may suspqct 
oteroe, weff |fhe wery hmgefprices,^ 

animals. Moreover, such research', would , pertainly liven up many 
agricultural- schools; since some of their faculty would jump at Some- 
thing more : e^ihg MM the npw yery routine breedmg programs 





can crrl.,linl.v. iitn^in.-. woalu.y »nn l: 

with ,.h . bettor jockey tlioir,. prize* .. :i-v;>ai- : olc . won.ld : 

unlN-atal, l,i. , Wl.il, ». Njjinaky.eyontuttljy lost Ids, last t^, ^pes, would 
Adonat deriy^ . M i ; r i : r; . u i_r - 
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.At first consideration, it would seem likely that cloning of many 
domestic species would have to occur before serious thought would be 
given to the development of clinical procedures which would make 
human cloning more than a theoretical possibility. This way of think- 
ing presupposes that the primary purpose for such methodological 
development need be cloning itself. If this in fact were the objective, 
the variety of normal and legal objections that would be bound to 
crop up most certainly would effectively prevent the legal granting of 
the medical facilities needed for extensive in vitro experiments with 

human eggs, _ . 

If, however, the stated objective is to probe the human reproductive 
process so that better contraceptive methods can be obtained, the 
reaction of the general public will be much harder to predict. Though 
many people will look with horror at any test-tube work with human 
eggs, others will breathe more easily that something is being done to 
prevent the world from being crushed by overpopulation. Until 
several years ago, this latter group was numerically relatively small 
and without favor in virtually any political circle. Today, however, 
taboos which would have seemed unbreakable just a decade ago are 
rapidly being overturned, witness the recent action of the U.S. 
Congress in overwhelmingly passing legislation that would pro- 
mote family planning. Even more significant was the action of 
New York State in making abortions the right of any women who so 

desire them, . . .. . ; ••••: .• »« 

The prognosis thus seem virtually inevitable that for one reason or 
another the number of people studying all aspects of human embryo- 
genesis will greatly increase. Not only will the amount of classical 
observational analysis increase, but even more important, direct 
experimentation with human eggs most likely will soon he the main 
preoccupation of a n umb er of intelligent,' highly qualified biologists. 

Already there exists one such Gr . ^ Edwards , an 
English reproductive biologist now working in the Thysiology llepart- 
ment of Cambridge University, Originally^ trained a^ embryologist 
and! with some ip-years ip^grQwmg^ 

he f opuses his attention on the test-tube growth of human eggs., 

TTia nti g iri n.l amirce of material was immature eggs (oocytes) obtamed 

from o vari an tissufe that ! had been \ spr^caffy,- excised^fpT;; reasons 

the eggs from . th^eir , surrounding ^ohioles. 
cpbk ^lOT^ati^Tsmcp 

prbseni , inl^e> j^cjy^lbene, ^he 5 feeghn^spf 4 ^ ; ,1^ 

meiotib -di^sionB w^ch s^nnra^a haplc^ e^s, - But by^aomg^^^tYfe 

tene Jibt.that ,.,provxousl^. 

worked out f hr! pf mriouse, eggs, thfe remaming 
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steps of meiosis occur and some thirty-six hoars later bring the eggs 
to metaphase II, the stage where normal ovulation occurs. Then 
when human sperm were added, fertilization occurs yielding a diploid 
nucleus subsequently capable of dividing several times. However, no 
fertilized in-vitro matured egg has ever yet developed up to the 
blastocyst stage. Some factor not yet understood must go wrong during 
the in-vitro meiosis. 

To circumvent this difficulty, Edwards, together with his clinical 
colleague, P C. Steptoe of Oldham General Hospital, have devised a 
simple surgical method for the removal of healthy human eggs after 
they have completed much of meiosis, but before the ovulation step 
which releases free eggs from their follicles into the oviduct. Called 
laparoscopy, it is a relatively minor operation which, while requiring 
general anesthesia, generally only needs a 24-hour hospital stay. Prior 
to the operation, a regimen of hormone (gonadotrophins) treatment is 
given to induce follicle maturation and egg development through the 
early stages of meiosis. Laparoscopy is then performed, some 4 hours 
before ovulation would occur normally , The ovaries so exposed usually 
contain highly enlarged follicles with thinning walls, through which 
the desired oocytes can be carefully removed. Their procedures have 
now reached the state where they can obtain healthy eggs from over 
half the follicles examined./ . , 

Such preovulating oocytes are very suitable for subsequent embry-- 
ological investigations. Fertilization rapidly ensues after human sperm 
addition, and in contrast to those eggs which had undergone meio tic 
divisions in-vitro, these in-vivo matured eggs generally begin normal, 
cleavage divisions. Already many embryos have ' developed to the 
eight-cell stage w hil e a few have become blastocysts, the stage where 
successful implantation into a human uterus should not be too diffi- 
cult to achieve. In fact, Edwards and Steptbfe hopes to accomplish 
implantatioh and suhsequeht growth' into a normal baby within this 
corning year. ’’ "* V; : ' 

Thd qdes tioif naturally arises why should any women willingly 
submit - to S'^cL^ bperatibhHL There ; is; . 
every time ; Steptoe bpefates.^ None thelesi; he and Edwards believe 
that : ttie Hsks invblv^^^ counterbalanced by the faet tha^t 

their research may develop methods which make them patients able 
tb'bear childreiii^ All their patlehtsy dhbilgffi haidhghb^^ 
icy cles^ .ara inf^tile ; co many have blocked' oviducts 

which prevent passage of their 'eggs' into 'the uieTus^Tf ; so, . in-vitro 
growth of 5 their ! eggs' up to the bias tb^-st J stBLge ; may eirep^^ 
in^tilityi " fthibaby '• nOTmal childbirth; l^reo vot,^ sm^ 

^ ? £-r 1 ^ ittaH ' K^r^r^nmn^rirrl f siieTV 
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Clearly, if Edwards and Step toe succeed, their success will /be 
followed up in many other places. The number of such 
women, while small on a relative percentage basis, is likely to be large 
on an absolute basis. Conceivably within the United^ States there 
could be 100,000 or so women who would like a similar chance todiave 
their own babies. At the same time we must anticipate strong if not 
hysterical, reactions from many quarters. The certainty that the 
ready availability of this medical technique will open up the possibil- 
ity of hiring out unrelated women to carry a given baby to verm 18 
bound to outrage many people. For there is absolutely no reason why 
the blastocyst need be implanted in the same woman from which t e 
pre-ovulatory eggs were obtained. So many women with anatomical 
■complications which prohibit successful childbearing, would be 
.strongly tempted to find a suitable surrogate. And it is easy to imagine 
that many women who just don’t want the discomforts of pregnancy 
would also seek this very different form of motherhood. . 

Some very hard decisions may soon be upon us. For it is not obvious 
that the vague potential of abhorrent misuse should weigh more 
strongly that the unhappiness which thousands of married couples 
feel when they are unable to have their own children. Different socie- 
ties are likely to view the matter differently and it would be surprising 
if all come to the same conclusion. We must, therefore, assume th a 
techniques for. the in vitro manipulation of human eggs are likely to 
be general medical practice, capable of routine performance m many 

major nations within some 10 to ; 20 years. , 

The situation would then be ripe for extensive efforts, ©fiber lega 

or illegal, at human cloning. No reason, of course, dictates that such 

experiments need occur. Most of the medical people capable of . such 
experimentation would probably totally stay clear of any step which 
in any way looked like its real purpose was to clone. But At would be 
shortsighted to believe everyone will instinctively recoif from sum 
purposes. Some people may very sincerely believe the world desperate- 
ly needs many copies of the really exceptional people if we are to 
fight our way out of the ever-increasing computer-mediated complexity 
that makes our individual brains so frequently inadequate, ^ ; 

Moreover, given the widespread development/ ol the safe clin,ca 
procedures for handling human eggs, cloning experim^t® would .not 
be prohibitively expensive; They need/not be restricted to the supei 
powers^medium sized, if mot niinor ^ coimtr^s,, all now posses^th _ 

resources needed Tor , ev^ntuaTsUQOdss^ ^ 

exist the coercion of a totalitarian state to provide the surroga 
mothers There already are such widespread divergences/ as ;tqfihe 
sacrednessiof thei act of. human reproduction ,tli^ the bormg ; naeapm^- 
lessness of the lives, of many women would be sufficient course for tfieix 
\viUinghess - to participate in such experimentation,^ be siti legal or 
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illegal. Thus, if the matter proceeds in its current nondirected fashion, 
a Human being— born of clonal reproduction — -most likely will appear 
on the earth within the next 20 to 50 years, and conceivably even 
sooner, if some nation actively promotes the venture. 

The reaction of most people to the arrival of this asexu ally produced 
c hil d X suspect will he one of despair: The nature of the bond between 
parents and their children, not to mention everyone’s values abou t 
their individual uniqueness, could be changed beyond recognition, if 
such children became of common occurrence. Already many people, 
particularly those with strong religious backgrounds, believe we should 
now de-empliasize all those forms of research which could lead to 
circumvention of the normal sexual reproductive processes. If this 
step were taken, experiments on cell fusion might no longer be sup- 
ported by federal funds or tax-exempt organizations. Prohibition of 
such research would most certainly put off the day when diploid nuclei 
can satisfactorily be inserted into enucleated human eggs. Even more 
effective would be to take steps quickly to make illegal, or to reaffirm 
the illegality of, any experimental work with human embryos: 

Neither of these prohibitions, however, is likely to take place. In the 
first place, the cell fusion technique now offers one of the best avenues 
for understanding the genetic basis of cancer. Today all over the world, 
cancer cells are being fused with normal cells to pinpoint those specific 
chromosomes responsible for given forms of cancer. I n addition, fusion 
techniques are the basis of many genetic efforts to unravel the bio- 
chemistry of diseases like cystic fibrosis or multiple; sclerosis. Any 
attempts now to stop such work using the argument that cloning 
represents a greater threat' than a disease like cancer is f likely to be 
considered irresponsible by virtually anyone able to uiiderstand the 
matter. - ■'.■q- • >' :;.q •' : ' u 'o YyMY‘' b.iqU ; 1 ' : Y'YY'Y\Y- ! V V- . : 



Though more people would i ni tially go ® along with a prohibition of 

work on human embryos, many may have a ohange of heart when they 

ponder the mess which the populatioh explosioh poseSiqThe^ current 
projections are so horrendous that responsiblejpeople are likely to con- 
sider the need for more basic embryologioal facts' much more relevant 
to our self-mterest than the iiot-very-immediate threat' of a few clonal 
maty existing some -decades ahead. And the 1 ‘potentially militant lobby 

of - infertile couples who see -test tube conception as their only route to 
I ai n /I pn n nf f H ftit« rtiiniim Ainbf #rtiilr1 r.n.rrv AVfiii more 




even if, almost . perversely, the ! immediate- -consequences of Ybheir 
“population mbTieyt' supported research will be the production of even 
more babies. ? -y-q ;> : v\ - '-yq y . y : y qy . 

• | dJomplicatiug ahy possibie(effort at eff ectivPdegislative guidance, is 

•• • where work' like; TDdwJrdiy could occur, 

thereby making < most 'Unlikely the’ possibility that such manipulations 



JAMES D. WATSON 



159 



would have the same legal (or illegal) status throughout the world. We 
must assume that if Edwards and Steptoe produce a really workable 
method for restoring fertility, large numbers of women will search 
out those places where it is legal (or possible), just as now they scare 1 

out places where abortions can he easily' obtained. 

Thus, all nations formulating policies to handle the implication of 
in vitro h um an embryo experimentation must realize that the problem 
is essentially an international one. Even if one or more countries stop 
such research, their action could effectively be neutralized by the 
response of a neighboring country. This most disconcerting impotence 
even holds for the United States. If our congressional representatives, 
upon learning where the matter now stands, decided they granted none 
of it and passed very strict laws against human embryo experiipentaj 
tion, their action would not set back seriously the current scientific and 
medical momentum which brings us close to the possibility of surrogate 
mothers, if not human clonal reproduction. This is because the relevant 
experiments are not being done in the United States, but largely in 
England. This is partly a matter of chance, but also a consequence of 
the advanced state of English cell biology. In certain areas it is far 
more adventurous and imaginative than its American counterpart. 
Now there is no American university with the strength in experimental 

embryology that Oxford possesses. ...... , , 

We must not assume, however, that today the important decisions 
lie only before the British Government. Very soon we must anticipate 
that a number of biologists and clinicians of other countries, sensing 
the potential excitement, will move into this area. So even if the 
current English effort were stifled, similar experimentation could soon 
begin elsewhere. Thus it appears to me most desirable that as many 
people as possible be informed about the new ways of human reproduc- 
tion and their potential consequences, both good and d>ad. _ _ 

This is a matter far too important to be left solely m the hands of 
the scientific and medical communities. The belief that surrogate 
mothers and clonal babies are inevitable because science always moves 
forward, ar> attitude expressed to me recently by a scientific colleague, 
represents a f oral ; pf laissez-faire nphsense dismally reminiscent oT the 
" creed that American business if lef t to itself will solvo ovorybodys 
problems. Just as the success qf a corporate body ^ maldng mP^|y 
need not set the human condition ahead, neither does every scientific 

advance automatically make otir lives more “meaningful. ” No doubt 

t he person whose experimental 'skill eventually could -bring forth _ a 
clonal baby wohld be ^yen vride (hbtdriety, ^ But t^he child 

the world wants another Picasso woidd view 

his creator in a different light. ilESllM i - 

I would thus hope that over the next decade wide-reaching dis- 
cussion occms, at the informal as well as forinal legislative level about 
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the manyfold problems which are bound to arise if test tube con- 
ception becomes a common occurrence. On some matters a sufficient 
international consciousness might be apparent to make possible some 
forms of international agreements before the oat is totally out of the 
bag. A blanket declaration of the worldwide illegality of human 
cloning might be one result of a serious effort to ask the world which 

direction it wishes to move. . 

Admittedly, the vast effort, needed for even the most limited 
international arrangement, will deter those who believe the matter 
now is of such marginal importance that in effect it might be a red 
herring designed to take our minds off our callous attitudes toward 
war, poverty, and racial prejudice. But if we do not think about the 
matter now, the possibility of our having a free choice will, one day 
suddenly be gone. 
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SUMMARY VIEWS AND COMMENTS 

Hebman Pollack 1 



I fine that my mind is a bit awhiri with the richness of the material 
which has been placed on our platter during the past three days. 
Many wise— indeed some profound— observations have been offered 
on the status, the problems, and the prospects of international science. 
Anticipating my assignment this morning, I have been tentatively 
testing over the past few days several observations, hopefully original, 
which. I might contribute to this dialog. With each passing hour, 
however, one. by one my tentative themes have been preempted by 
other speakers. Collectively, you are a hard act to follow. 

Moreover, I call your attention to the fact that four simultaneous 
panels on two successive days have created an information explosion 
with which, X submit, not even UNISXST or the latest IBM computer 
could contend. Were I not such a trusting soul, X might suspect that 
the arrangements of the last two days were ingeniously designed to 
make it impossible for the man who was to deliver summary remarks 
to fulfill his function. • * •••* • " 

However, I have read the papers as they became available and have 
received reports on sessions which I could not attend. And it does seem 
to me that there are several themes which racur in the comments we 



have heard. 

One is the importance of insulating science from the imperatives of 
parochial politics. Several speakers referred to the low specific gravity 
in political terms of the problems dealt with by science and of the 
ability this gave science to cross lines of political difference; 

. Repeated attention was called to the thesis tha/6 the habit of 
cooperation, which is fostered by ■ scientific relationships, in itself is of 
high value and a justification for the relationship, 'Numerous speakers 
called attention < to the importance of more elXectiv e use of science • and 
technology in support of the developmental aspirations of «the poorer 
countries, of ; the ‘world, u! HP/.' ' - v r her* : ' •' > ^ ' • : P‘ :• 

- Hardly a ? speaker failed to emphasize the • importance of the free 
movement ■ of scientific^ information among* the countries of the world.. 
And finally/ almost withou t exception every participant in this seminar 
alluded to the necessity of employing science and technology more 
effecHve^ m the achievement of the great social aims of this age , 'll 
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And, of course, we had an especially stimulating discussion on the 
environmental issue. Dr. Watson’s presentation suggests to me that 
in the area he described there is a pressure generated by scientific 
progress to define a social aim. 

I must be forgiven for not refraining from pointing out that with the 
possible exception of the last point each of these was incorporated in 
the keynote remarks of the Secretary of State. They have, of course, 
been enlarged and illuminated by succeeding speakers. It should now 
be apparent that these are all basic points which will have to be 
considered as the international community proceeds in the develop- 
ment of international science policy. 

I should like to comment now on several points which arose in the 
dialog of the three-day panel. First, I would like to say that anyone 
who occupies my position cannot help but be impressed by the verity 
of the theses that international scientific relationships must be 
insulated from transitory political considerations and they have 
possibly unique capabilities of transcending political differences. 

Certainly we in the Department of State subscribe wholeheartedly 
to these points. At the same time, I want to underline the importance 
of a point that Mr, Daddario, among others, touched on in his 
remarks. This is that the absence of political agreement, frequently 
occasioned by national ambitions or concerns regarding sovereignty, 
is an effective barrier to many necessary endeavors in science and 
technology which can be accomplished only by international coopera- 
tion. The undeniable success of OBKN is, so to speak, the exception 
that proves my rule. 

Another way of stating my point is that we may sometimes un- 
balance our perspective by overly emphasizing the necessity to free 
science from political considerations. I concur entirely that this is a 
valid concern. At the same time I submit that we have not emphasized 
nearly enough the importance of obtaining the political agreement 
which will be the necessary precedent to the multilateral undertaking 
of major scientific and especially technological ventures such, as those 
that are foreseeable, for example, in the use of outer space and in 
the man agement of international environmental problems. ; 

Achieving international political agreement is, of course, an im- 
mensely complicated task— certainly as difficult as any scientific 
challenge ever confronted by a scientist or scholar. Political agree- 
ment is much too important! a task .to be left to .the- diplomats. It 
will require the active participation of every skill and activity repre- 
sented in this room, and more besides. • ; cr;:- 

If I understand what we were doing in the early; part of, this morn- 
ing’s session, we . were indeed tussling with the problein of political 
agreement, but it is not clear to me whether the discussion, especially 
of international waters, advanced or set back the cause. 
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A second comment which I would like to make relates to the goals 
to which international science policy is directed. 

The overall objective of governments in fostering international 
cooperation in science and technology is to advance their national 
interests and to strengthen their international relationships, I have 
stated that rather bluntly, but this is a fact of life which should . be 
taken as an operating premise by all who are interested in enlarging 
governmental support for international scientific cooperation. 

Inherent in all such cooperation is the desire to extend, improve, or 
expedite the acquisition and diffusion of knowledge. Such cooperation, 
furthermore, is often activated or motivated by humanitarian, 
political, or economic considerations. 

From this cooperation, each government expects to obtain particu- 
lar benefits, direct or indirect. In some cases, these will be tangible and 
of an economic nature. Others will be less tangible, such as improve- 
ment of health, safety, the quality of life, and of course the advance- 
ment of science, the thread which binds the entire enterprise. 

These goals and benefits are not unilateral, of course. Cooperation 
would not be possible or meaningful if the goals sought were not 
mutually compatible and the benefits derived did not flow to each 

nation involved. ( . ^ ; . 

As my third comment, I suggest that the scientists sometimes hide 
their light under a bushel. There have been many at . this mating, 
and elsewhere, who have alluded to the - lack of public and political 
support for science. It seems to me that if there >vere wider under- 
standing, that international scientific and technological cooperation 
frequently does pay off in tangible ways, often economic, that, public 
and p^Uoftl WPP9 r t might be. more forthcoming. : ^ j .. . . 

Secretary Rogers in his remarks spoke; of the tangible benefits which 
the United States has realizecj from ite participa^on in copperative 
international programs in science and technology ..He referred to the 
saving of lives’"^ & n d to 

foreign contributions to the tT.fi>. lunar program. --\try- 

These examples were drawn v from t a .;stqdv . ^ of 

State lias tangible benefits|of international co- 

operation in sdiefice ^hnd ibdlinblogy, This study, which must be 
described as preliminary, has identified. literaUy fiundrcds of specific 
examples of specific tangible benefits' to our citizens, generated through 
cooperative mternatidn^ in science; and techiiology. : Our 

partners iii this codperation" : can of course majee the, same claim. 

Oui* listing embraces many ! instances of direct economic . benejti: 
through sharing with other nations the costs of ; qsseptial research ; 
thrdngh fha Hn cor pOT dpto? jkey U.S, reseaiclr programs of . in- 

strumentation,; techhiques, ahd essential^^ata genfrag^in 
supported ; by other nations; and through .opportunities for., tf.S. 
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scientists to utilize unique research facilities— ranging from ocean- 
ographic research vessels to special collections of biological materials — 
created by and financed by other nations. 

Our study has identified many important examples of indirect 
economic benefits accruing from international cooperation in science 
and technology. Thus, there are the new markets for U.S.-manufac- 
tured scientific instruments which result from international coopera- 
tion in research, and the adoption by U.S, producers of economically 
important new technologies developed abroad and brought to our 
attention as a result of cooperative programs, f 

Another important form of indirect economic benefit is the ability 
to avoid unproductive, and expensive, directions for our research 
efforts or to “leapfrog” in our research planning on the basis of results 
coining to us through international cooperation. It is difficult— if not 
impossible— to assign specific dollar figures to these indirect economic 
benefits, but in many instances they are clearly substantial. 

No one can assign objective dollar values to the results of basic 
research or the development of new technologies which relate to 
improving the health of our citizens, or to public safety. These are, 
nonetheless, tangible benefits, and our international cooperation in 
science and technology has yielded dozens of important gains in these 
areas, ' “T . \ ; , . 



I do not wish to overstate the importance of tangible benefits 
resul tin g from international cooperation in science and technology 
nor assert that they alone are an adequate justification for scientific 
cooperation. On occasion, however, that is precisely the case. 

I do assert, however, that we are hot taking sufficient credit for 
the practical, tangible, and economic benefits that frequently result- 
from scientific cooperation and from the uses to which we put the 
knowledge that is derived from such coopera tion. 

Were we to do so, perhaps the hard-headed budgcteers and appro- 
priators of money might be more receptive to requests for funds for 
scientific endeavors, _ / / ' =» s 

Policy for science and technology is, in a very real sense, policy- tor 
the future of all mankind. These annual meetings of the House Gbm- 




scientists and administrators from many par of the world," have 
played a unique role in the public discussions ofthi^ 
Tb^hb^titute onb of tHe best examples I know of successful inter-^ 
national scientific cooperatinb.i^ ' * 
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